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Tins Work is intended as a Manual for Medical 

Students. The original plan was to embody in it 

only such matter as was absolutely required for the 

first yearns student in the Medical Schools ; but this 

plan was not carried out, since the book would then 

have been, in some measure, incomplete as a Manual 

of Histology. The work contains a good deal that 

will be acceptable to the advanced student, as well 

as to the beginner. 

My best thanks are due to Mr. Charles Bcrjeau, 

F.L.S., for the readiness and artistic skill with which 

he has executed the illustrations on wood. Some of the 

figures are reproduced from my " Atlas of Histology," 

others from the "Handbook for the Physiological 

Laboratory." The former are marked "Atlas," the 

latter " Handbook." 

E. KLEIN. 

Mayy 1883. 



PREFACE TO THE THIED EDITION. 



In the present Edition I have made several altera- 
tions in the illustrations and in the text." Figures 
4, 43, 78, 129, 132, and 160 have been re-drawn, 
so as to represent more satisfactorily the structures 
intended to be delineated. In the text a good many 
verbal corrections have been introduced, and for 
many of these my thanks are due to my friend, 

Dr. Pye-Smith. 

E. KLEIN. 

January , 1884. 
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Elements of "Histology. 



CHAPTER I. 



1, The ripe ovum (Fig. 1) of man and mamraaU 
is a minute spherical mass of a soft, gelatinous, trans- 
parent, granular looking substance, contaimag nume- 
rous minute particles — yolk ^ 
globules. It is invested 
by a radially striated deli- 
cate membrane, called the 
zona pellucida. Inside this 
clump, and situated more 
or less exceotricallj, is a 
vesicle — -the gejitiirial vesich 
— and inside this, one or more 
solid spots — the ffenninal 

apot m- tpoU. The gela- Wg. i.-Kipe Ot™ rf ct. 
tinous transparent substance * ^eS^"°i'SoKliS2S!°*' 
of the ovum, containing a 

very large percentage of proteid material, is called 
ProtopLism. Before and immediately after fertilisa- 
tion, the protcplasm of the ovum shows distinct move- 
ment, consisting in contraction and expansion. These 
movements are spontaneous — i.e., not caused by any 
directly visible external influence. 

The diameter of the ripe ovum in man and domestic 
animals varies between 5^ and ^-J^ of an inch. But 
before it ripens the ovum ia considerably smaller — in 
E— 1 
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fact, its size is in proportion to ite state of develop- 

2. FertUisatlon causes marked ohanges in the 
contractions of the protoplasm of the ovum ; these 



Fig, 2.— Fram iBeoHon throngb ths Blurtodmn at Cbiok. u 



lead to cleavage or division of its body into two parts, 
the germmal vesicle having previously split up into 
tvo bodies or nuclei ; bo that we now find the ovum 



Fig. 3a,— Fcoa a Section tlirough the Budlment ol the EmbTTO Chiok. 

*, PriiaUiregPoer'! y. doml JtmlruB of e^lblagt j <iDCH>blMt. Tlie 

tbin lAyer tit HJlDdle-tliaped kIIb \% tli« aypoblut. iHudbouk.l 

has originated two new elements, each of which con- 
sists of protoplasm, of the same substance as that o£ 
the original ovum, and each contains one nucleus or 
kernel The investment of the ovum takes no part in 



this process of division. Not long after, each of the 
two daughter elements undergoes cleavi^e or division 
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into two new elements, the nucleus having pre 
divided into two, so that each of the n 
possesses its own nucleus. This process of division is 
continued in the same manner for many generations 
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(Figs. 2, 3a, 3b), so that after a few days we find 
within the original investment of the ovum a large 
number of minute elements, each consisting of 
protoplasm, and each containing a nucleus. 

3. From these elements, which become smaller as 
the process of cleavage progresses, all parts and organs 
of the embryo and its membranes are formed. It can 
be easUy shown that the individual elements possess 
the power of contractility. Either spontaneously or 
under the influence of moderate heat, electricity, 
mechanical or chemical stimulation, they throw out 
processes and withdraw them again, their substance 
flowing slowly but perceptibly along. Hence they 
can change their position. In this respect they com- 
pletely resemble those lowest organisms which are 
known as amoebse, each of these being likewise a 
nucleated mass of protoplasm. Wherefore this move- 
ment is termed amoeboid movement. It can be further 
shown that they, like amoebsB, grow in size and divide 
— that is to say, the individuals of a generation grow 
in size before each gives rise to two new daughter 
individuals; 

4. Although for some time during embryonic life 
the elements constituting the organs of the embryo are 
possessed of these characters, a time arrives when 
only a limited number of them retain the power of 
contractility in any marked degree. At birth only the 
white corpuscles of the blood and lymph,, many of the 
elements of the lymphatic organs, and the muscular 
tissues, possess this power, while the others lose it, 
or at any rate do not show it except when dividing 
into two new elements. Some of these elements 
retain their protoplasmic basis ; as a rule, each con- 
tains one nucleus (but some two or more) and is 
capable of giving origin by division to a new genera- 
tion. Others, however, change their nature altogether, 
their protoplasm and nucleus disappear, and they 
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give origin to material other than protoplasm — e.^., 
collagenous, osseous, elastic, and other substances. 

5. Beginning with the ovum, and ending with the 
protoplasmic nucleated elements found in the organs 
and tissues of the embryo and adult, we have, then, 
one uninterrupted series of generations of elements, 
which with Schwann we call ceUs and with Biiicke 
elementary orgcmiBTns, Of these it can be said that 
not only is each of them derived from a cell ( Virchow : 
omnia celhda a cellula), but each consists of the 
protoplasm of Max Schultze (Sarcode of Dujardin), 




Fig. i.—AmoBboid movexnent of a White Blood Corpuscle of Man ; 
various phases of movement. (Handbook.) 

is without any investing membrane, and includes 
generally one nucleus, but may contain two or more. 
We can further say that each of these cells shows the 
phenomenon of growth, which presupposes nutrition, 
and reproduction. ' All of them in an early stage of 
their life history, and some of them throughout it, 
show the phenomenon of contractility, or amoeboid 
movement (Fig. 4.) 

Cells differ in shape according to kind, locality, 
find function, being spherical, irregular, polygonal, 
squamous, branched, spindle-shaped, cylindrical, pris- 
matic, or conical. These various shapes will be more 
fully described when dealing in detail with the various 
kinds of cells. Cells in man and mammals differ in 
size within considerable limits : from the size of a 
small white blood coi-puscle of about ^oiy ^^ ^^ ^^^ 
to that of a large ganglion cell in the anterior horns of 
the spinal cord of about -^^ of an inch, or to that of a 
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multinucleated cell of the bone marrow — ^mjeloplax — 
some of which surpass in size even the ganglion cells. 
The same holds good of the nucleus. Between the 
nucleus of a ganglion cell of about -^\^ to xrbir ^^ ^^ 
inch in diameter and the nucleus of a white blood 
corpuscle of about ^^^^ to ^q^qq of an inch and less 
there are all intermediate sizes. 

6. Protoplasm is a transparent homogeneous or 
granular-looking subgj»nce. On very careful examina- 
tion with good and high powers, and especially when 
examined with certain reagents, in many instances it 
shows a more or less definite structure, composed of 
fibrils, more or less regular, and in some instances 
grouped into a honeycombed or fibrillar reticulum 
in the meshes of which is a homogeneous interstitial 
substance (Heitzmann). The closer the meshes of the 
reticulum, the less of this interstitial substance, and the 
more regularly granular does it appear. In the meshes 
of the reticulum, however, may be included larger or 
smaller granules of fat, pigment, or other material. 
Water makes protoplasm swell up, and ultimately 
become disintegrated ; so do dilute acids and alkalies. 
All substances that coagulate proteids have the same 
effect on protoplasm. 

7. The nucleus, the size of which is generally in 
proportion to that of the cell, is usually spherical or 
oval. It is com'posed of a more or less distinct invest- 
ing cuticle and the nuclear contents, which are in the 
ripe state arranged as an irregular or regular network, 
the parts of which may be uniform fibrils or septa, or 
irregularly-shaped trabeculse. In the life history of 
each nucleus there may be stages in which one or more 
clumps or nucleoli are present in the nuclear network. 
The substance of the nucleus differs chemically from 
that of the cell, the former consisting of nuclein. 

Immediately before division the nuclear membrane 
disappears, and also immediately after division the 
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nuclear matter shows no definite boundary. The 
nuclear membrane when present is a condensed outer 
stratum of the nuclear matter. 

In some instances it can be shown that the 
nuclear fibrils are in continuity with the fibrils of the 
cell substance. In the moving white blood corpuscles 
Strieker and Unger have seen the nucleus becoming 
one with the cell substance, and again afterwards 
differentiated by the appearance of a membrane. 

8. During division of the cell the nucleus 
generally divides before the cell protoplasm. This 
division of the nucleus was until lately supposed 
to occur in the same manner as that of the cell pro- 
toplasm — t.e., by simple cleavage. This mode is called 
the direct division, or Kemak's mode of division. 
In this division the nucleus is supposed to become 
constricted, kidney-shaped and hour-glass shaped, and 
if the division is into more than two, lobed. Nuclei 
of these shapes are not uncommon ; but they need not 
necessarily indicate direct division, because, being 
very soft structures, pressure exerted from outside, or 
the motion of the cell protoplasm, may produce these 
shapes ; and, further, the contractility of the nucleus 
may and occasionally has been observed to cause 
these changes of shape. From the observations of 
recent investigators — Biitschli, Hertwig, Strassburger, 
Mayzel, van Beneden, Balfour, Eberth, Schleicher, 
Peremeschko, Flemming, Klein, Arnold, Pfiitzner, 
Retzius, Bizzozero, and many others — it is now known 
that in the embryo and adult, in plant and animal, 
vertebrates and invertebrates, all kinds of cells, before 
their protoplasm undergoes division, show complicated 
changes of their nucleus. This manner of division is 
called the indirect division or karyokinesia. It has 
been observed by Mayzel, Schleicher, and Flemming, 
that the nuclear fibnls show movement, hence the 
name karyokinesis, t.e., "kernel-movement." This 
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process of kajyokinesis is represented in the adjoin- 
ing figure, 5, and it consists of the following phases : 
(rt) lie nuclear network become very pronounced, 
while the nuclear menbrane disappears, and the 
fibrils of the nuclear network becomes twist«d and 
bent into a more or less dense convolution; at the 
«ame time the nucleus, as a whole, is considerably 
enlarged, (b) The fibrils unravel info loops, arranged 




around the centre aa a wreath or rosette, (c) The 
peripheral points of the loops become broken, and 
we obtain a star-shaped figure of single loops — the 
aster, (d) The loops separate into two groups or 
new centres :■ this is the diast^, or double star, 
(e) The two groups of threads become further apart, 
OS if attracted by opposite poles; but the two groups 
remain still connected with one another by fine pale 
threads. These latter diflfer from the otiiers in not 
staining with certain dyes, and representing the in- 
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terstitial substance of the nuclear matter — t.e., the pale 
substance contained in the original reticulum of the 
nucleus. Elemmiug calls this substance achromatiii^y 
whereas the threads forming the original network, the 
convolution, aster and diaster, he calls chromatin^ on 
account of its readily staining with dyes. 

In this stage the whole figure resembles a spindle, 
the nuclear spindle of Biitschli (Fig. 5, p). 

(/) Further, all connection between the two sets 
of threads is broken — i.e., between the stars of the 
diaster. {g) The threads of each set become greatly 
convoluted. (A) A membrane appears for each set. 
In this stage we sj)eak of two new or daugMer nuclei. 
The cell protoplasm may commence to divide at any 
stage between the one when the threads aggregate 
round two centres, and the one when two distinct 
daughter nuclei are present ; or the division of the 
nucleus may not be followed by the division of the cell 
protoplasm, in which case we have a two-nucleated 
cell. In some instances, especially of invertebrates and 
lower vertebrates, a peculiar sun-like arrangement of 
fibrils of the cell protoplasm towards each of the two 
stars of the above nuclear fibrils has been observed. 
Martin has noticed, in pathological new growths, a 
simultaneous division into three and four daughter 
nuclei, after the mode of karyokinesis. Although 
this indirect mode of division of the nucleus has been 
observed in all kinds of cells in the embryo, and to a 
limited degree also in the adult, it is not proved to 
be the universal mode of nuclear division. On the 
contrary, there is strong evidence that in amoeboid 
corpuscles division of the nucleus follows the direct 
mode, and it is also probable that other nuclei, under 
certain conditions, may undergo the direct mode of 
division. 
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CHAPTER II. 

BLOOD. 

9. Under the microscope blood appears as a trans- 
parent fluid, the liquor sanguinis or plasma, in which 
float vast numbers of formed bodies, the blood cor- 
pusclcs. The great majority of these are coloured; 
a few of them are colourless. The latter are called 
white or colourless blood corpuscles, or leucocytes. 
The former are called red or coloured blood corpuscles, 
or blood-discs. They appear red only when seen in a 
thick layer ; when in a single layer they appear of a 
yellow-gi'eenish colour, more yellow if of arterial, 
more green if of venous blood. The proportions of 
plasma and blood eorpuscles are sixty-four of the 
former and thirty-six of the latter in one hundred 
volumes of blood. By measurement it has been found 
that there are a little over five millions of blood cor- 
puscles in each cubic millimetre (i-g-ir? ^^ * cubic inch) 
of human blood. , There appears to be in healthy 
human blood one white corpuscle for 600-1200 red 
ones. In man and mammals the relative number of 
blood corpuscles is greater than in birds, and in birds 
greater than in lower vertebrates. 

10. The red blood corpuscles (Fig. 6) of man 
and mammals are homogeneous bi-concave discs (except 
in the camelidse, where they are elliptical), and do not 
possess any nucleua Being bi-concave in shape, they 
are thinner and more transparent in the centre than 
at tlie periphery. In other vertebrates they are oval 
and more or less flattened from side to side, and each 
possesses a central oval nucleus. 

The diameter of the human red blood corpuscles is 
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about -y^^ of an inch on the broad, and their thick- 
ness about ttW o^ *^ ^'^ ^"* ^^"^ ^''^ always 
corpuscles present which are much smaller by about 
one-third to one-half 
than the others. In 
normal blood these 
small red corpuscles 
are scarce ; in certain 
abnormal conditions, 
especially anaemia, or 
poorness of blood, they 
are more numerous. 

According to Gulliver, Welcker, and others, the 
following are the average diameters of the red 
blood corpuscles of various vertebrates : — man, -g^Vff ^ 



A B ^^^C 

Ei«. 6.— Various kinds of Bed Blood 
Corpuscles. 

A, Two human, one seen flat, the other 
edgeways: a, a red corpuscle of the 
camel ; c, two red corpuscles of the frog, 
one seen from tn^ broad, tho other from 
the narrow side. 



horse, — ^- 



cat, 



40dd i 



sheep. 



460? y 



musk deer, TrirT ) pig©OD> 



J— • newt, -^ ; proteus, -^ ; pike, -J 



aifUTf y elephant, ^^4 6 y 

TTTTy *Oad, 

T5TS15 y shark. 



io4ft y 
li4a* 

1 1 . In a microscopic specimen of fresh unaltered blood 
(Fig. 7) the red blood corpuscles form peculiar shorter 

or longer rolls, like so 
many coins, from be- 
coming adherent to one 
another by their broad 
surfaces. Under various 
conditions — such as 
when isolated, or when 
blood is diluted with sa- 
line solution or solutions 
of other salts (sulphate of 
sodium or magnesium) 
— ^the corpuscles lose 
their smooth circular 
outline, shrinking and 
becoming crenate (Fig. 8, a). In a further stage of this 
process of shrinking they lose their discoid form, and 




Fig. 7.— Human Blood, fresh. 

A, Ronleanx of red corpuscles: b, isolated 
red corpuscle seen in profile; o, ino- 
laced red corpuscle seen flat ; s, white 
corpuscles. 
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become smaller and spherical, but beset aJl over their 
surface with minute processes. This shape is called the 
horse-cliestmU shape (Fig. 8, 6, c). It is pro- 
bably due to the corpuscles losing carbonic 
acid, as its addition brings back their discoid 
shape and smooth circular outline. On ab- 
stracting the carbonic acid they return to 
the horse-chestnut shape. Water, acid, 
alcohol, ether, the electric current, and 
many other reagents, produce discoloration 
of the red blood corpuscles ; the coloured 
matter — generally the combination of 
the blood-colouring matter with globulin known as 
hcBmoglobin — becoming dissolved in the plasma. 
What is left of the corpuscles is called the 
stroma. In newts* and frogs' blood a separation of 
the stroma from the 



b ^ 

Fig. 8.— Human 
Red Blood 
Corpuscles. 

a, Creiukte ; b, o. 
hane-ehMtnut 
■luiped. 



o a 



y 



o. 



o 




nucleus and haemoglobin 
can be effected by means 
of boracic acid (Fig. 9, b) ; 
the former is called by 
Briicke the CEkoid, the 
latter Zooid. This stroma 
contains amongst other 
things much para- 
globuUn. The stroma 
of the "corpuscles of 
amphibians is seen^ 
under certain reagents, 
to be of a reticulated 

structure, but in the fresh state appears homo- 
geneous and pale. Discoloration of the blood cor- 
puscles can also be observed to take place in blood 
without the addition of any reagents or with that of 
indifferent fluids, such as the aqueous humour of the 
eye, hydrocele fluid, etc. The number of corpuscles 
undergoing discoloration is, however, small. 



Fig. 9.— Bed Blood CoTposcles of 
Man and Newt. 

A, Human red corpuscles after the action 
of tannic acid : a, three red corpuscles, 
from which the haemoglobin is passing 
out ; 6, Roberts's corpuscles. 

B, Newt's red corpuscles after the action 
of boracic acid : a, a corpuscle showing 
Brilckes* zooid and oikoid ; &, a corpus- 
cle showing the reticulated stroma; 
0, a corpuscle showing the reticulum 
in the nucleus ; <i, the nucleus passing 
out. 



and of Bt bright red 

colour. la man •^tt^ [^ 
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The elements of the blood described by Dr. Richard 
Norris, of Birmingham, as the invisible, pale, or third 
corpuscle, are red blood corpuscles that have be- 
come discoloured by the mode of preparation (Alice 
Hart). 

12. The hieinoirlobiii of the red blood corpuscles 
forms cijstala (Fi^ 10), which differ in shape in 
various mammals. 
They are always 
of microscopic size, 

and most mammals 

they are of the 

shape of prismatic 

needles, or rhom- ^^R!! 

bic plates ; in the ®^ 

squirrel they are ^ "^ „ , , . 

, ^ 11. Pw. 10.— HfBmoelobm crjetalB. 

hexaKonal plates, ., , , , . . . 

and in the gumea- 

pig they are tetrahedral or octahedral 

The blood pigment itself is an amorphous darfc- 
browa or biack powder — the hcemtUim, ; but it 
can be obtained in a crystalline form as hydro- 

chlorateof h£ematin(rig. 11). These crystals 

^^"^ also are of microscopic size, of a nut-brown 

^y» i colour, of the shape of narrow rhombic 

' " plates, and are called hamin crystals, or 

mJncry7«S! Teichmimn's crystals. In extravasated 

human blood crystals of a bright yellow 
or orange colour are occasionally met with ; they are 
called by Virchow, their discoverer, furnnatoidin. 
They are supposed to be identical with bilirubin, 
obtainable from human bile. 

13. The ivlilte or colourless Mood cop- 
pnscles are in human blood of about ^^^ to z^xrs 
of an inch in diameter^ EUid tu'e spherical in the 
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circulating blood or in blood that has just been 
removed from the vessels. Their substance is trans- 
parent granular-looking protoplasm, containing larger 
or smaller bright granules. These granules, though 
usually of a fatty nature, are in some kinds of 
blood, notably horses^ of a reddish colour, and 
these corpuscles are supposed by some observers 
(8emmer and Alexander Schmidt) to be inter- 
mediate between red and white corpuscles. The 
protoplasm of the colourless corpuscles contains 
glycogen (Ranvier, Schafer). In the blood of the 
lower vertebrates the colourless corpuscles are much 
larger than in mammals. But in all cases they 
consist of protoplasm, include one, two, or more 
nuclei, and show amoeboid movement. This may be 
observed in corpuscles without any addition to a 
fresh microscopic specimen of blood, but it always 
becomes much more pronounced on applying artificial 
heat of about the degree of mammals' blood. It 
is then seen that they throw out longer or shorter 
filamentous processes, which may gradually lengthen 
or be withdrawn, appearing again at another point 
of the surface. The corpuscle changes its position 
either by a flowing movement of its protoplasm as a 
whole, thus rapidly creeping along the field of the 
microscope, or it may push out a filamentous process 
and shift the rest of its body into it. During this 
movement the corpuscle may take up granules from 
the suiTounding fluid. 

• 14. The white corpuscles of the same sample of 
blood difier in size and aspect within considerable 
limits, some being half the size of others, some much 
paler than others. The smaller examples generally 
possess one nucleus occupying the greater part of the 
corpuscle, the larger ones usually include two, three, 
or even more nuclei, and liow more decided 
amoeboid movement than the others. Division by 
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cleavage of tlie white corpuscles of the blood of lower 
vertebrates has been directly observed by Klein and 
itanvier. 

15. In every microscopic specimen of the blood 
of man and mammals are found a variable number 
of large granules, more or less angular, singly or in 
groups, which have been specially studied by Osier. 
According to Bizzozero they are, when 

observed in the living and fresh blood, O a 
pale, circular, or slightly oval discs ^.^ Q 
(Fig. 12, 6). Their size is only i to J VJ 
of that of the red blood corpuscles. 6 

They are called by him hlood plates, and * ® 
he supposes them to be of essential im- ^^^Soo^dl'™^" 
portance in the coagulation of the blood, "'pSdM^MJiSS 
originating the fibrin ferment. Hayem SJf*°'^'^^°" 
described them previously as being in- 
termediate forms in the development of red blood 
corpuscles, and called them haematoplasts. 

16. Development of Blood Corpuscles.— 
At an early stage of embryonic life, when blood 
makes its appearance it is a colourless fluid, contain- 
ing only white corpuscles (each with a nucleus), which 
are derived from certain cells of the mesoblast. These 
white corpuscles change into red ones, which become 
flattened, and their protoplasm gets homogeneous and 
of a yellowish colour. All through embryonic life new 
white corpuscles are transformed into red ones. In 
the embryo of man and mammals these red corpuscles 
retain their nuclei for some time, but ultimately lose 
them. New nucleated red blood corpuscles are, how- 
ever, formed by division of old red corpuscles. Such 
division has been observed even in the adult blood of 
certain lower vertebrates (Peremeschko) as well as in 
the red marrow of mammals (Bizzozero and Torre). 

An important source for the new formation of red 
corpuscles in the embryo and adult is the red marrow 
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of bones (Neumann, Bizzozero, Rindfleiscli), in which 
numerous nucleated protoplasmic cells (marrow cells) 
are converted into nucleated I'ed blood corpuscles. The 
protoplasm of the '^orpuscle becomes homogeneous and 
tinged with yellow, the nucleus being ultimately lost. 
The spleen is also assumed to be a place for the forma- 
tion of red blood corpuscles. Again, it is assumed that 
ordinary white blood corpuscles are transformed into 
red ones, but of this there is no conclusive evidence. 
In all these instances the protoplasm becomes homo- 
geneous and filled with haemoglobin, while the cell 
grows flattened, discoid, and the nucleus in the end 
disappears. 

Schafer described intracellular (endogenous) for- 
mation of red blood corpuscles at first as small haemo- 
globin particles, but soon growing into red blood cor- 
puscles, in certain cells of the subcutaneous tissue of 
young animals. Malassez describes the red blood cor- 
puscles originating by a process of continued budding 
fi:om the marrow cells. 

The white corpuscles appear to be derived from 
the lymphatic organs, whence they are carried by the 
lymph into the circulating blood. 



CHAPTER III. 

EPITHELIUM. 

17. Epithelial cells (Fig. 13a) are nucleated proto- 
plasmic cells, forming continuous masses on the surface of 
the skin, of iJie lining membrane of the alimentary canal, 
the respiratory organs, the urinary and genital organs, 
the free surface of the conjunctiva, and the anterior 
surface of the cornea. The lining of the tubes and 
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alveoli of secreting and excreting glands, such as the 
kidney, liver, mammary gland, testis and ovary, the 
salivary glands, mucous, peptic, and Lieberkiihn's 
glands, the sweat and sebaiceous glands, the hair 
follicles, &c., consists of epithelial cells. Such is the 
case also with the sensory or terminal parts of the 
organs of the special senses. And, finally, epithelial 
cells occur in other 

organs, such as the W^^ t^ ^ i' 

thyroid, the pitui- lo^*-'*-^ e^^^,^m^ I 

taiy body, &c. 

The hairs and 
nails, the cuticle of 
the skin, certain 
parts of the rods 
and cones of the 
retina, and the rods 
of Corti in the organ 
of hearing, are modi- 
fied epithelial struc- 
tures. 

Epithelial cells 

are grouped together j»ig. 13a.- Variotw kmdg of Epithelial CellB, 

by exceedingly thin a, Colunmar celU of intestlliej fi, polyhedrat 

1 "^ « n cells of the conjunctiva; 0, ciliated conical 

layers OI an albU* cells of the trachea ; d, dliated oell of Irog'a 

. . . .'.' 1 mouth; x. inverted conical cell of trachea; 

mmOUS XnieT8txt%aL f, gquamous cell of the cavity of mouth, aeen 

, T . from ice broad surface ; e, squamotts ceU« seen 

cemefnJb s^iwstai/jMiey edgeways* 

which during life is 

of a semi-fluid nature, and belongs to the group of 

bodies known as globulins. 

18. As regards shape we distinguish two kinds 
of epithelial cells — K5olumnar and squamous. The 
columruMr cells are short or long, cylindrical or pris- 
matic, pyramidal, conical,, club-shaped, pear-rfxaped, 
or spindle-shaped; their nucleus is always more or 
less oval, their protoplasm more or less longitudinally 
striated. On the free surface of the cells — t.e., 4ihe 
c— 1 
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part facing a cavity, canal, or general surface — in many 
instances a bright thinner or thicker cuticular struc- 
ture is seen, with more or less distinct vertical striation. 
The conical or spindle-shaped, club-shaped, and pear- 
shaped cells are drawn out into longer or shorter 
single or branched extremities. 

The squaTnous or pavement cells are cubical, 
polyhedral or scaly. The nucleus of the former is 
almost spherical that of the latter flattened in propor- 
tion to the thinness of the scales. In polyhedral 
cells it can be occasionally perceived that the granula- 
tion is due to the regular honeycombed nature of the 
cell protoplasm. 

19. As regards size, the epithelial cells differ 
considerably from one another in different parts, and 
even in the same part. Thus, the columnar cells, 

covering the surface of 
the villi of the small in- 
testine, are considerably 
longer than those lining 
the mucous membrane of 
the uterus ; the columnar 
cells lining the larger 
Fig. iSB.—Three Mncns-seoretiner ducts of the kidney are 

Goblet Cells. .j vi i xt_ 

. ^. , w * _* - considerably longer than 

A. From the stomach of newt; B, from , ■■. . i^ 11 

a mucous gland ; 0, from the surface those linms: the Small 
of the mucous membrane of the in «'""*'« *" "*© " T i i i 

t«"ma ducts; the polyhedral 

cells covering the anterior 
surface of the cornea are considerably smaller than 
those on the surface of the lining membrane of the 
urinary bladder; the scales lining the ultimate recesses 
of the bronchial tubes — the air cells — are considerably 
smaller than those on the surface of the membrane 
lining the human oral cavity and oesophagus. 

20. As regards arrangement, the epithelial cells 
are either arranged as a single layer or are stratified, 
forming several superposed layers ; in the former case 






Chap, iii.j Epithelium. 19 

we have a single-layered, in the latter a stratified epi- 
thelium. The simple epithelium may be composed of 
squamous cells, simple aquamotis or simple pavement 
epithelium ; or it may be composed of columnar cells, 
simple columna/r epithelium. The stratified epithelium 
may be stratified pavement, or stratified columnar; 
in the former case all or the majority of the layers 
consist of squamous or polyhedral cells, in the latter 
all cells belong to the columnar kind. Simple 
squamous epithelium is that which lines the air 
cells, certain urinary tubules of the kidney (the looped 
tubes of Henle, the cortical parts of the collecting 
tubes), the acini of the milk-gland, the inner surface 
of the iris and choroid membrane of the eyeball. 
Simple columnar epithelium is that on the inner 
surface of the stomach, small and large intestine, 
uterus, small bronchi, ducts and acini of mucous and 
salivary glands, of some kidney tubules, &c. Stratified 
pavement epithelium is that on the epidermis, the 
epithelium lining the cavity of the mouth, pharynx, 
and oesophagus in man and mammals, the anterior 
surface of the cornea, &c. 

21. The epidermis (Fig. 14) consists of the fol- 
lowing layers: — (a) Stratum comeum: this is the super- 
ficial homy layer, and it consists of several layers of 
homy scales, without any nucleus* The layers, which 
are separated from one another by narrow clefts con- 
taining air, are then in process of desquamation. This 
stratum is thickest on the palm of the hand and 
fingers, and the sole of the foot, (h) 'The stratum 
lucidum, composed of several dense layers of homy 
scales, in which traces of an exceedingly flattened 
nucleus may be perceived, (c) Then follow many 
layers of nucleated cells, forming the stratum or 
rete Malpighii or rete mucosum. The most super- 
ficial layer or layers of it are fiattened scales, which 
are characterised by the presence around the nucleus 
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of globular or elliptical granules of -the nature_ inter- 
mediate between protoplasm and keratin. Their sub- 
stance is called 
eleidinbyKan- 
j Tier, keratohy- 
* alinbyWalde- 
yer; tliese cells 
■ form the stra- 
' turn granulo- 
Bum of Lauger- 
hans. Deeper 
down the cells 
are lesa flat- 
tened and more 

Fig. 1*.— From ■ Vertlail Section through the nolvhedral.and 

„ i^„,™tnMM^pi8Wirr<'..tr.tninsr«,rto.Pm: the deepest 

of more or less 
columnar cells, placed vertically on the surface of 
the subjacent corium. 

The substance of the 
hairs, nails, clawa, hoofs, 
con^sts of homy scales, u 
(See chapter on Skin.) 

22. The stratlfl«d 
pavement epUhe- 
lliun {Fig. 15) lining the 
cavity of the mouth, the 
surface of the tongue, the 
pharynx and CBSophagus ( 
of man and mammals, and 
the anterior surface of the 
cornea, &a, is, as regards p.^_ i5.._Fmm 
the style and arrange- throuBh tta a 
mentof the cells, identi- ^^^„,|„^ 
oal with the stratum J;,^^^*, ,'^,^, 
Malpighii of tbe epider- <B«i.ai>wfc.'i 
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mis. The cell protoplasm is more transparent in the 
former, and the granular cells of the stratum granu- 
losnm are not always present, but they generally are 
in the epithelium of the tongue and of the rest of the 
oral cavity. The most superficial scales show more or 
less homy transformation. 

23. StratUecl columnar epithelium is met 
with on the lining membrane of the respiratory 
organs, as larynx, trachea, and large bronchi It 
consists of several layers of columnar cells : a super- 
ficial layer of conical or prismatic cells, with a more 
or less pointed extremity directed towards the depth ; 
between these are inserted spindle-shaped cells, and 
finally inverted conical cells. 

Tlie epithelium of the ureter and bladder is called 
transitional epithelium. It is stratified, and the most 
superficial layer consists of squamous ceUs. Under- 
neath this is a layer of club-shaped cells, between 
which extend one^or more layers'of small spindle- 
shaped cells. 

Amongst the columnar epithelial cells occurring 
in man and mammals the ciliated cells and the goblet 
cells, and amongst the squamous cells the prickle cells, 
deserve special attention. 

24. Ciliated cells are characterised by possess- 
ing a bundle of very fine longer or shorter hairs or 
cilia on their free surface. These cilia are direct pro- 
longations of the cell protoplasm. More correctly 
speaking, tiie cilia are continuous with the filaments 
or stri« of the ceU protoplasm. The superficial layer 
of conical cells of the epithelium in the respiratory 
organs, the columnar cells lining the uterus and. ovi- 
duct, and the columnar cells lining the tubes of the 
epididymis possess such cilia. In lower vertebrates 
the ciHatfed cells are much more frequently observed ; 
in Batrachia the epithelial cells lining the mouth, 
pharynx, and oesophagus are ciliated. 
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While fresh in contact with the membrane which 
they line, or even after removal from it, provided 
the cells are still alive, the ciliated cells show a rapid 
synchronous whip-like movement of their cilia, the 
cilia of all cells moving in the same direction. The 
movement ceases on the death of the cell, but may 
become slower and may cease owing to other causes 
than death, such as coagulation of mucus on the 
surface, want of sufficient oxygen, presence of car- 
bonic aoid, low temperature, <fec. Under these circum- 
stances, removal of the impediment, as by dilute 
alkalies, will generally restore the activity of the cilia. 
Moderate electric currents and heat stimulate the 
movement, strong electric currents and cold retard it 
Reagents fatally affecting cell protoplasm also stop 
permanently the ciliary action. 

25. Ooblet or chalice cells (Mgs. 13b, 16) are 
cells of the shape of a conical cup. The pointed part 

is directed away from the free surface, 
and contains a compressed triangular 
nucleus, surrounded by a trace 
of protoplasm. The body of the 
goblet contains mucus. This latter 
may be in various states of forma- 
tion, and may at any time be poured 
out of the cell. Goblet cells are 
most commonly met with amongst 
the epithelium lining the respiratory 
organs, the surface of the stomach and 
intestines, and especially in mucous glands, in whose 
secreting portion all cells are goblet cells. 

The protoplasm of columnar cells facing a free 
surface, no matter whether in simple or stratified 
epithelium, ciliated or non-ciliated, may undergo 
such alteration as will lead to the transforma- 
tion of the cell into a goblet cell. This takes 
place during life, and corresponds to an im- 




Pig. 18. 

From a Vertical Sec- 
tion through the 
Bpithelium on the 
surface of the mu- 
cous membrane of 
the large intestine. 

Three goblet oella an 
seen poariiur out their 
mucus The rest are 
ordinary ooliunnar 
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portaut function of columnar epithelial cells — ^viz., 
the fonnation of mucus. In mucus-secreting 
glands all the epithelial cells have this function 
permanently, but in ordinary columnar epithelium 
only a comparatively small number of the cells, 
as a rule, undergo this change, and then only 
temporarily ; for a cell subject to it at one time may 
shortly afterwards resume the original shape and 
aspect of an ordinary protoplasmic, cylindrical, or 
conical epithelial cell, and vice versa. If ciliated 
cells undergo this change, the cilia are generally first 
detached 

It can be shown that in this change of an ordinary 
columnar epithelial cell into a goblet cell, the inter- 
stitial substance of the cell reticulum increases in 
amount, the meshes enlarging and distending the body 
of the ceU. The interstitial substance probably under- 
goes the change into mucin. 

26. PricJtle CeUs (Fig. 14).— Amongst the middle 
and deeper layers of the stratified pavement epithelium, 
such as is present in the epidermis and on the surface 
of the oral cavity and pharynx, we meet with a close, 
more or less distinct and regular striation, extending 
from the margin of one cell to that of each of its 
neighbours, by means of fine transverse short fibrils 
which, passing from protoplasm to protoplasm, connect 
the suiiaces of the cells. 

27. Pigmented epithelial cells — i.e.j epithelicd cells 
filled with black pigment particles (crystals) — are found 
on the internal surface of the choroid and iris of 
the eyeball. 

In coloured skins, and in coloured patches of skin 
and mucous membrane, such as occur in man and 
animals, pigment in the shape of dark granules is 
found in the protoplasm of the deeper epithelial 
cells, as well as in branched cells situated between 
the epithelial cells of the deeper layers. Minute 
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branched non-pigmented nucleated cells are met with 
in the interstitial or cement substance of various kinds 
of epithelium, simple and stratified, e.g,, epidermis, 
epithelium of oral cavity, cornea, <fea 

28. Epithelial cells undergo division, and by this 
means a constant regeneration takes place. In those 
parts where the loss of the superficial layers of cells is 
conspicuous, such as the epidermis, the stratified epi- 
thelium of the tongue and oral cavity, the sebaceous 
follicles of hairs, the regeneration goes on more 
copiously than at places where no such conspicuous loss 
occurs — as, for instance, inr the stomach and intestines, 
the secreting glands, or sense organ& 

In the stratified pavement epithelium it is the cells 
of the deepest layer which chiefly divide ; the next 
layer thereby becomes gradually shifted towards the 
surface, and more flattened, and on reaching the surface 
dries up owing to rapid loss of water. 

29. The interstitial substance between the epi- 
thelial cells being soft and semi-fluid, and the proto- 
plasm of the epithelial cells themselves being a soft 
flexible material, it is possible for the cells to change 
their shape and arrangement after pressure and tension, 
exerted on them by the contraction or distension of the 
membrane on which they are situated. Thus, for in- 
stance^ the epithelium lining a middle-sized bronchus 
may appear at one time as composed of long, thin, 
columnar epithelial cells in two layers ; at another, as 
a single layer of long columnar cells; or again as 
a single layer of polyhedral or short columnar cells : 
the first is the case when the bronchus is contracted, 
the second when it is in a medium state of distension, 
the third when it is much distended. Similar changes 
may be noticed on the epithelium Hning the mucous 
membrane of the bladder, gland tubes, the epidermis, 
and various other epithelial structures. 
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CHAPTER IV. 




ENDOTHELIUM, 

30. The free surfaces of the serous and synovial 
membranes, and of those of the brain and spinal 
cord, the posterior surface of the cornea and anterior 
surface of the iris, the surfaces of tendon and tendon- 
sheaths, the lymph sinuses or lymph sacs of amphibian 
animals, the cavity of the heart, of blood-vessels 
and of lymphatic-vessels are lined with a continuous 
endothelial membraney composed of 
a single layer of flattened trans- 
parent sgtuirrums cells, called endo- 
thelial cells (Fig. 17). Each contains 
an oval nuclevs, situated as a rule 
excentrically. Just as in the case 
of epithelium, the endothelial cell 
plates are joined by a fluid or semi- 
fluid homogeneous interstitial or 
cement suhstaiice of the nature of 
globulin. When examining any of 
the above structures fresh, the endothelial cells are 
not, as a rule, visible, owing to their great trans- 
parency; but by staining the structures with a 
dilute solution of nitrate of silver, and then ex- 
posing them to the influence of the light, the cement 
substance appears stained black, whereby the shape 
and size of the cell plates become evident. By various 
dyes also the nucleus of each cell plate may be brought 
into view. 

On careful examination, and with suitable re- 
agents, it can be shown that each endothelial cell 
consists of a homogeneous ground-plate. In it 



Fig. 17.— Endothelium 
of the Mesentery of 
Cat. 

The otitllnM of the endo- 
thelial oelle, and the 
nucleos of the latttir 
are well ihown. 
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lies the nucleus, and around it is a subHtance which 
appears granular, but 'which ia of a fibrillar nature, 
the fibrillte being arranged in a network, and extend- 
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ing in many plaxjea iip to the margiQ of the ground- 
plate. The nucleus is limited by a membrane, and 
contains a well-developed reticulum. The fibrillie of 
the cell substance appear to be connected with the 
nuclear reticulum. 

31. As regards shape, endothelial cells differ 
considerably. Those of the pleura, pericardium, 
peritoneum, and endocardium of man and mammals 
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are more or less polygonal, or slightly elongated. Their 
outlines vary ; in tiie lining of the lymph sacs of the 
fn^ they are much larger, and of very sinuous out- 
line j while those of the posterior sor&ce of the cornea 



are very regular, pentagonal, or hexagonal, having 
straight outlines in the perfectly normal and well-pre- 
served condition, but serrated and sinuous after they 
have been prepared with various reagents and in the 
abnormal state ; the endothelial plates lining the blood' 
vessels and lymphatic vessels (Fig. 18) are narrow and 
elongated, with more or less sinuous outlines. In the 
lymphatic capillaries the endothelial plates are poly- 
gonal, but their outline serrated. 

33. As a rule the endothelial cells are flattened, 
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t.e., Hcaly — but in some places they are polyhedral, 
or even short columnar. Such cells oocnr isolated or 
in email groups, or covering large and small patches, 
nodular, villous, or cord-like structures of the pleura 



Fli. SO.— Put of Psiitonwl Snifaoeot tlie C«iitnl Tendon o( Dia^uBim 

J o.^vi^ .^1^ HitimtB ol Bilyar. 

loD bandle*. Tfaft surikn la eoT«nd witb 
rrouuded bf ffermliutliMr eadocbelUl cellL 

and omentum, on the synovial memliranes, tunica 
vaginalis testis, &c. They are eepeoiaJly observable 
in considerable numbers in the pleura and omentum 
(Fig. 19) of all normal subjects (in man, ape, dog, cat, 
and rodent animab); their number and frequency of 
occurrence are increased in pathological conditions 
(ohronic inflammations, tuberculosis, cancer, &a). 

These endothelial ceUs are the germiwUvng endo- 
tlielial celUf and they can be shown to be in an 
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active state of division. They thus produce amall 
spherical lymphoid (amceboid) cells, which ultimately 
are absorbed by the lymphatics, and carried into the 
blood system as white blood corpuscles. On the bui- 



Fig. El,— Put ol Omentum of Cat, BtBined with ITltiitte c 



foce of the oerotis tnembrBiies, especially the diaphn^^m 
(Fig. 20) and pleura, there exist minute openings, 
tttfmata, leading from the serous cavity into a lym- 
phatic vessel of the serous membrane. These stomata 
are often lined by germinating cells. 

33. In the frog, germinating cells occur in great 
abundance on the mesogastrium and the part of the 
peritoneum which separates the peritoneal cavity 
from the cistema lymphatica magnai This part of 
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the peritoneum is called the septum cistemse lym- 
phatics magnse, and on it occur numerous holes or 
stomata, by which a free communication is established 
between the two cavities. On the peritoneal surface 
of this septum the stomata are often bordered by 
germinating cells. In the female frog, these and 
other germinating endothelial cells of the peritoneum 
(mesogastrium, mesenterium, septum cistemse) are 
ciliated. 

34. The omentum and parts of the pleura are, in 
the adult human subject, ape, dog, cat, guinearpig, rat, 
&c., of the nature of a fenestrated membrane (Fig 21), 
bands of. fibrous tissue of various sizes dividing and 
reuniting, and leaving between them larger or smaller 
holes, in shape oblong or circular. These holes 
or fenestrse are not covered with anything, the endo- 
thelial cells adhering only to the surfaces of the 
bands without bridging over the fenestrse. On the 
peritoneal surface of the diaphragm the endothelial 
cells possess a different arrangement from that on 
the pleural side ; on the former surface a number of 
lymph channels (that is, clefts between the bundles 
of tendon and muscle) radiate towards the middle 
of the central tendon. The endothelium of the free 
surface over these lymph channels is composed of 
much smaller cells than at the places between, 
so that the endothelium of the peritoneal surface of 
the diaphragm shows numbers of radiating streaks 
of small endothelial cells. Many of these small cells 
are not flattened, but polyhedral, and of the nature 
of germinating cells (Fig. 20.) The above-mentioned 
stomata occur amongst these small endothelial cells. 
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CHAPTER V. 

FIBROUS CONNECTIVE TISSUES. 

35. By the name of " connective tissues " we desig- 
nate a variety of tissues which have in common with 
one another, that they are developed from the same 
embryonic elements ; that they all serve as supporting 
tissue or connecting substance, for nervous, muscular, 
glandular, and vascular tissues ; that they are capable 
of taking one another's place in the different classes of 
animals; that in the embryo and in the growing normal 
and morbid condition one may be changed into the 
other; that in the adult they gradually shade off one into 
the other : and that they yield allied chemical products. 

Conn^tive tissues ire divided into the thiee great 
groups of (1) fibrous connective tissue; (2) cartilage ; 
(3) bone, to which may be added dentine. Each of 
these is subdivided into several varieties, as will 
appear farther on, but in all instances the ground 
substance, or matrix^ or intercellular substance^ is 
to be distinguished from tJie cells. In the fibrous con- 
nective tissue the matrix yields collagen or gelatin^ 
and the cells are called connective tissue cells, or con- 
nective tissue corpuscles. In the cartilage the ground 
substance yields chondrin, and the cells are called car- 
tilage cells. In the third group the ground substance 
contains inorganic lime salts, intimately connected 
with a fibrous matrix, and the cells are called bone 
cells. 

36. The fibrous connective tissue, or wbite 
fibrous tissue, occurs in the skin and mucous 
membranes, in the serous and synovial membranes, 
in the membranes of the brain and spinal cord, in 
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tennons and tendon sheaths, in fescise and aponeuroses, 
in the intermuscular tissue, and in the tissue con- 
necting neighbouring organs, •&& It consiste of 
microscopic band-like or cylindrical bundles or fasciculi 
of exceedingly fine homogeneoua fibrils (Fig. 22), which 
are known as the elementary conjtective tissue JihrUt. 



F'«. 33.— Pleiiu o[ Bundlsi of Fibraiu Tinie from the OmeDtiuB 
ol Bat. 

According to the number of these the bundles differ 
in size. The bundles, and also their constituent 
fibrils, may be of very great length — several inches. 
Where the fibrous tissue forma continuous masses — 
as in tendon, fascia, aponeurosis, skin, and mucous 
membrane — the microscopic bundles are aggregated 
into smaller or larger groups, the traheculm, and these 
are again associated into groups. The fibrils are held 
together by an albuminous (globulin), aemi-ttuid, homo- 
geneous cetnent guhstance, which is also present between 
the bundles forming a trabecula. 

On adding an acid or an alkali to a bundle of 
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fibrous tissue, it is seen to swell up and to become 
glassy-looking, homogeneous, and gelatinous. Sub- 
jected to boiling in water, or to digestion by dilute 
acids^ the bundles of fibrous tissue yield collagen or 
gelatin. 

37. According to the arrangement of the bundles, 
the fibrous connective tissue varies in difierent locali- 
ties. (1) In tendons and fasciae the bundles are 
arranged parallel to one another. (2) In the true 
skin and mucous^ serous, and synovial membranes, in 
the dura mater and tendon sheaths, the trabeculse of 
bundles divide repeatedly, cross and interlace very 
intimately with one another, so that thereby a dense 
felt-work is produced. (3) In the subcutaneous, sub- 
mucous, or subserous tissue, in the intermuscular tissue, 
in the tissue connecting with one another different 
organs or the parts of the same organ — i. 6. ^interstitial 
connective tissue — the texture of the fibrous tissue is 
more or less loose, the trabeculae dividing and re- 
uniting and crossing one another, but leaving between 
them larger or smaller spaces, ceUulse or areolae, so 
that the tissue assumes the character of a loose 
plexus, which is sometimes called " areolar " or " cel- 
lular tissue.'' Such tissue can be more or less easily 
separated' into larger or smaller lamellae, or plates of 
trabeculse. (4) In the omentum and parts of the 
pleura of man, ape, dog, cat, and some rodents, and 
in the subarachnoidal tissue of the spinal cord and 
brain, the trabeculse form b, fenesl/raied Tnembraney with 
larger or smaller oval or circular holes or fenestrce. 

38. The connective tissue cells or corpuscles 
occurring in white fibrous tissue are of several varie- 
ties, (a) In tendon and fasciae the cells are called 
tendon cells or tendon corpuscles; they are flattened 
nucleated protoplasmic cells of a square or oblong 
shape (Fig. 23a), forming continuous rows (single files), 
situated on the surface of groups of bundles of fibrous 

D— 1 
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tissue. Between these groups are wider or narrower 
channels — the interfasciculcM' spaces — runniAg parallel 
with the long axis of the tendon (Fig. 23b). The cells 
in each row are separated from one another by a narrow 
line of albuminous cement substance, and the round 
nucleus of the cell is generally situated at one end, in 

such a way that in two 

— -^ '-^ _ 22 - =^^ adjacent cells of the grow- 

mSi0IIOiS^&O f« tendon the nuclei 

^ face each other. This 



indicates that the indi- 
vidual cells undergo divi- 
sion. Corresponding to 
the margin of each row, 
the cells possess minute 
processes. The cell plate 
is not quite flat, but pos- 
sessed of one, two, or even 
three membranous projec- 
tions, by which it is 
_ wedged in between the 

Fig. 23A.-From a Tendon of TaU individual bundles of the 

of Mouse, showing the Tendon ffroup to which the rOW 

cells. (The tendon is viewed in ° /. vi i i 

the long axis). Ot cells belongs. 

o, The tendon cells seen from their 39. (b) In the SCrOUS 

broad surface ; b, the same seen side- i ^ ' •■ 

ways. (Handboot) membranes, cornea, subcu- 

taneous tissue, and loose 
connective tissues, tne cells are flattened transparent 
corpuscles, each with an oblong flattened nucleus, and 
more or less branched and connected by their processes. 
In the cornea they are spoken of as the corneal cor- 
puscles^ and are very richly branched (Fig. 25). They 
are situated between the lamellae of fibrous bundles of 
which the ground substance of the cornea consists. 

These corpuscles are also situated in the interfasci- 
cular spaces, or spaces left between the bundles of the 
fibrous matrix, which are cavities in the interstitial 
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cement cementing the bniidlea and trabeculse together 
(yon Eecklinghauaen). In the oomea and serous mem- 
branes these spaces 
possess the shape 
of branched lacu- 
nfe, each lacuna 
being the home 
of the body of 
the cell, while the 
branches or cana- 
liculi contain its 
processes. These ' 
canaliculi form the , 

channels by which theTendonBof UuTiUof m: 

neighbouring laou- ^^^"^^^i^^ 
nse anastomose '^'"" ""' "— •« 
with one another 
(Fig. 26). The cell 
and its processes do 
not fill up the la- 
cuna and its canali- 
culi. In loose connective tissue the lacuna may be of 
considerable size, and may contain several connective 
cells, which make as it 
were a lining for it. 
These in some places are 
very little branched, and 
almost form a continuous 
endotheloid membrane of 
flattened cella Such is 

the s\ihejn.thelial endothe- 

Tadpoie. Uwm of Debove, occur- 

'■ ^°?^^15;JS'^u.'"iaS^"°' "^ ring underneath the epi- 
thelium on Urn surface 
of the mucous membrane of the bronchi, bladder, 
and intestines. 

40. (c) lu the true alrin and mucous membranes 
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the connective tissue cells are also branched flattened 
corpusdes, and by their longer 
or shorter processes are con- 
nected into a network (Fig. 24). 
Each cell has a flattened oblong 
nucleus. As a rule, some of 
the proceBsee are membranous 
prolonigations comii^ off under 
an ai^le from the body of the 
cell, which is then caUed the 
chief plate, the processes being 
the secondary plates. By the 
latter the cell is wedged in 

^li'S^^^^wii^^ between the bundles of the trar 

of Kitt«il, showing tDe i ■ i ■. i_ i 

NecwDrkiottheBnuicheii becula to which it belongs. 
■^^^t^r^t pr* ll^i* character of the ceUa 

SS-'SSS"'"' "" (*■*■■ V^^^°^ °* secondary 
plates) IS well shown by the 
cells of the skin and 
mucous membranes, 
but only in a very 
limited degree by 
those of the cornea 
and serous mem- 
branes, and somewhat 
better by some of 
those of the subcuta- 
neous and other loose 
connective tissues. 

In the skin and 
mucous membranes 
also the cells and 
their processes are 
situated in the in- 
terfascicular spaces. 

41. The connec- 
tive tissue corpuscles 
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hithei*to mentioned are fixed corpuscles ; they do not 
show movement. Kuhne and Rollett ascribe to the 
corneal corpuscles a certain amount of contractility, in- 
asmuch as they are said to be capable of withdrawing 
their processes on stimulation. When this ceases they 
are said again to protrude them. According to Strieker 
and.Norris, they acquire contractility when the corneal 
tissue is the seat of inflammatory irritation. It can 
be shown that the connective tissue cells consist, like 
the endothelial plates, of a ground plate and a fibrillar 
reticulated (granular-looking) substance around the 
nucleus, and extending beyond the ground plate into 
the processes of the celL 

42. Pig^ment cells. — In the cold-blooded verte- 
brates, fishes, reptiles, and amphibian animals, we 
find certain branched nucleated connective tissue cor- 
puscles, distinguished by their size and by the prot(v 
plasm both of the cell-body and processes (but not of 
the nucleus) being filled with pigment granules. The 
pigment is either grey or yellow, or more commonly dark 
brown or even black. These cells are called pigmented 
connective tissue cells, or simply pigment cells. They 
are very numerous in the skin of fishes, reptiles, and 
amphibian animals, and also around and between the 
blood-vessels of the serous membranes. They are also 
present in man and mammals, but then they are 
chiefly limited to the eye-ball, where they occur in the 
proper tissue of the iris of all but albino and bright 
blue eyes, and in the tissue of the choroid membrane. 
In dark eyes of mammals a ]arge number of these cells 
are found in the tissue between the sclerotic and 
choroid, as the lamina fusca, and also, but to a more 
limited degree, in the sclerotic. As a rule they appear 
to be of various kinds: such as are flattened, large 
plates perforated by a number of small and large holes 
and minute clefts; such as possess a more spindle- 
shaped body, and long, thin, not very richlv branched 
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processes ; and intermedisite forms between the twa 
But on cafeful examination it will be seen that t' ~ 




Fig. 27.— Fismeiit CeUs of the 1W1 at Tadpole. 



appearances are due to different states of contraction 
of the same kind of cells (Fig. 27). 

43. In the lower vertebrates the dark pigment 
cells show marked contractility, inasmuch as tliey are 
capable of altogether withdrawing into their body the 
d processes. In the passive state these are 
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exceedingly numerous, and form a network so dense 
that the whole mass of cells resembles an extremely 
close network of pigment. In the maximum of 
activity the processes disappear, being withdrawn into 
the cell-body, which now looks like a spherical or 
oblong mass of black pigment. Between the states 
of passiveness and maximum activity there are various 
intermediate grades, in which the pigmented processes 
are of various numbers and lengths. 

44. Owing to the great number of the pigment 
cells in the skin of fishes and amphibians, the 
state of contraction of these cells materially affects 
the colour of the skin. If the dark pigment cells 
of a particular part contract, the skin of this parti- 
cular part will become lighter and brighter, the degree 
of lightness and brightness depending on the degree 
of contraction of the pigmented processes by the cells. 
Briicke has shown that darkness is a stimulus to the 
pigmented cells ; they contract, and the skin becomes 
light. Sunlight leaves the pigmented cells in the 
passive state, i.e., the skin becomes dark. If pre- 
viously they have been contracted by darkness, on 
being exposed to sunlight they again return to the 
passive state. The contraction of the pigment cells 
is under the direct influence of the nervous system 
(Lister). Pouchet proved that the contractility of the 
pigment cells of the skin of certain fishes is influenced 
as a reflex action by the stimulation of the retina by 
light. 

4/). Fat cells. — Fat cells in the ripe and fully- 
formed state are spherical, large vesicles, each con- 
sisting (a) of a thin protoplasmic membrane, which at 
one point includes an oval nucleus flattened from side 
to side, and (6) of a substance, which is an oil globule 
filling the cavity of the vesicle (Fig. 28). These 
fat cells are collected together by fibrous connective 
tissue into smaller or larger groups, which in their 



40 Elements of Histology [ciup.v. 

torn form lobuleg; these E^in become lobes, and 
these make ooutinuous mafises. Eatih group and 
lobule has its afferent arteriole, one or two eferent 
veins, and a dense Tietwork of capMaries between ; 
each mesh of the capillaiy network holding one, 
two or three fat cells. (Fig. 49.) Such are the 



nature and arrangement of fatty tissue in the sub- 
cutaneous and submucous tissue, in the serous and 
synovial membnuies, in the intermuscular tissue, in 
tJie loose tissue connecting organs oi parts of organa 

It can be shown that fat cells are derived from 
ordinary connective tissue cells. In some places — 
both in the embryo and adult — the protoplasm of the 
connective tissue corpuscles growing in size becomes 
filled with small oil globules, which, increasing in 
numbers, become fused with one another to larger 
Rlobules ; as their size thus increases the cell nucleus 
becomes shifted to the periphery; ultimately one 
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large oil globule fills the cell, and what is left of the 
cell protoplasm surrounds this oil globule like a 
membi-ane. The cell as a whole has become in this 
process many times its original size. 

46. It can also be shown that where at one time 
only few isolated connective tissue corpuscles are 
present, at another time, in the natural state of 
growth, and especmlly under verjr favourable condi- 
tions of nutrition, the connective tissue cells become 
increased by cell-multiplication so as to form groups ; 
these continue to increase in size and to be gra- 
dually furnished with their own system of blood- 
vessels; the individual cells constituting the group 
become then converted into fat cells, and their pro- 
cesses are thereby lost. 

Individual c6nnective tissue cells situated in the 
neighbourhood of small blood-vessels are converted 
into fat cells under favourable conditions of nutrition. 

In starvation the fat cells lose their oil globule, 
they become smaller and contain a serous fluid, which 
may ultimately also disappear. Finally, the fat cell 
may be reduced to a small, solid, protoplasmic, slightly 
branched cell 

47. In many places the fibrous connective tissue 
includes, besides the fixed ceUs, others which show 
amoeboid movement. These are of two kinds: (1) 
migratory or wcmdervng cells. These are identical 
with colourless blood corpuscles as regards size, shape, 
aspect, and general nature (Fig. 24, m). They wander 
about through the spaces of the fibrous tissue. Some of 
them are slightly larger, and possess one comparatively 
large spherical nucleus. The amoeboid movement 
of these cells is not so distinct as in the smaller 
variety. (2) Plasma cells of Waldeyer. They are 
larger than the former, less prone to migrating, being 
possessed of only slight amoeboid movement, which 
is, however, sufficiently pronounced to be detected. 
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They always contain coarse granules, which are com- 
posed of a substance which is not fat, but something 
between protoplasm and fat. They stain deeply in 
dyes, and the corpuscles correspond to similar "gra- 
nular" corpuscles of the blood. These "granules" 
inay change into fat globules, and thus the plasma 
cell becomes transformed into a fat cell. 

48. The wandering cells occur almost in all loose 
fibrous tissues, chiefly around or near blood-vessels ; 
they are not numerously met with in the healthy 
state, but increase greatly in the state of inflamma- 
tion of the part. The larger kinds are met with 
in certain localities only; in the sub-lingual gland 
of the dog and guinea-pig they occur in numbers 
between the gland tubes or acini They are also 
found in the mucous membrane of the intestine. 
The plasma cells are met with chiefly in the inter- 
muscular tissue, in the mucous and sub-mucous tissue 
of the intestine, in the trabeculae of the lymphatic 
glands, and in the omentum. 

49. Development of fibrous tissue.— Fibrous 
connective tissue is developed from embryonic connec- 
tive tissue cells, t. e., from spindle-shaped or bi-anched 
nucleated protoplasmic cells of the mesoblast. The 
former are itiet with isolated or in bundles, as in the 
umbilical cord or embryonic tendon. The latter 
form a network, as in the foetal skin and mucous 
membrane. In both instances the protoplasm of the 
embryonic connective tissue cells becomes gradually 
transformed into a bundle of elementary fibrils, 
with a granular-looking interstitial substance. The 
nucleus of the original cell finally disappears. A 
second mode of the formation of fibrous connective 
tissue is this : the embi-vonic connective tissue cell, 
while growing in substance, produces the fibrous tissue 
at the expense of its peripheral part. A remnant of 
the protoplasm persists around the nucleus. 
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Hie sune modes of formation of connective tissue 
may tie also observed in the adult under normal and 
paUiological conditions. 

50. Fibrous connective tissue is in most places 
associated with elastic fhrea or yellow elastic tissue, 
Theee are of bright aspect, of variable thickness and 
length, branching 

and anastomos- 
ing so as to form 
networks (Fig, 
29)., They are 
sometimes 
straight, bat , 
more often twist- 
ed and coiled. 
The latter condi- 
tion may be ob- 
served when the 
tissue is shrunk, 
the former when 
it is stretched. 
They do not swell 

up m acids or al- 29._r„o, » pMpBiation of the Mwenterj. 

kalies, nor yield _^_ ^^^^^ ^ ^^^^_ ^_ ^^^^^^ ^ ^,„„^ 

gelatin on boil- ot.res. anu.) 

ing, but contwn 

a chemically different substance, viz., elaetm. When 

broken their ends generally curl up. 

51. Elastic fibres occur in great numbers as net- 
works extending between the bundles of fibrous tissue, 
in the skin and mucous membranes, in the serous and 
synovial membi-anea, and in the loose interstitial con- 
nective tissues. They are not very commonly met 
with in tendons and lasoite ; in the former they are 
seen as single fibres often twisting round the tendon 
bundles. 

Elastic fibres forming bundles, but branched and 
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connected into networks within the bundle, are to 
be found in large numbers in the walls of the 
alveoli of the lung, in the ligamenta fiava, in the 
ligamentum nuchse of the ox (in which the fibres 
are exceedingly thick cylinders), in yellow elastic car- 
tilage (see below), in the endocardium and valves of 
the heart, and in the vascular system, particularly the 
arterial division. In the latter organs the intima, 
and also to a great extent the media, consist of elastic 
fibrils densely connected into a network. 

52. The following are special morphological modi- 
fications of the elastic fibres : (a) elastic fenestrated 
membranes of Henle, as met with in the intima 
of the big arteries; these are in reality networks 
of fibres with very small meshes, and the fibres 
unusually broad and flat. (6) Homogeneous elastic 
m^mhranesy which surround, as a delicate sheath, the 
connective tissue trabeculse in some localities, e.g.y 
subcutaneous tissue, (c) Homogeneous-looking elastic 
membranes in the cornea, behind the anterior epithe- 
lium as Bowmavbs anterior elastic membrane, and at 
the back of the cornea as elastica posterior, or 
Descemet^s membrane ; in the latter bundles of minute 
fibrils have been observed, {d) Elastic trabeculse 
forming a network, as in the ligamentum pectinatum 
iridis. In the embryonic state the elastic fibres are 
nucleated, the nuclei being the last remnants of the 
cells from which the fibres develop, one cell generally 
giving origin to one fibra These nucleated fibres are 
called Henle's nucleated fibres. 

53. Special varieties of fibrous connective tissue 
are these : 

(1) Adenoid reticulum. This is a network of fine 
fibrils, or plates, forming the matrix of lymphatic or 
adenoid tissue. (aS66 Lymphatic glands.) The reticulum 
is not fibrous connective tissue nor elastic tissue ; it 
contains nuclei in the young state, and is derived from 
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a network of branched cells ; but in the adult state 
the reticulum itself possesses uo nuclei Those found 
on it do not form an essential part of it. 

(2) The newroglia of Virchow is a dense network 
of very fine homogeneous fibrils which form the sup- 
porting tissue for the nervous elements in the central 
nervous system. These fibrils are supposed to be 
elastic fibres (Gerlach). Embedded in the network of 
these fibres are found branched nucleated flattened 
cell plates, which are the proper connective tissue cel]& 

(3) Gdatinous iisstie. This occurs chiefly in 
the embryo, being the unripe state of fibrous 
connective tissue. It consists of spindle-shaped or 
branched connective tissue cells, separated from one 
another by a homogeneous transparent mucoid sub- 
stance. It is met with in the umbilical cord and in 
the cavity bi the middle ear of the embryo, and in 
the places where fibrous connective tissue is to be 
developed. After birth it is found in the tissue of 
the pulp of the teeth, and in some places as precursor 
of fat tissue. 



CHAPTER VI. 

CARTILAGE. 

54. Cartilagfe consists of a firm ground substance 
which yields chondrvny and of cells embedded in it. 
Most cartilages (except on the articulating surface) 
are covered on their free surface with a membrane 
of fibrous connective tissue with a few elastic fibrils. 
This membrane is supplied with blood-vessels, lym- 
phatics, and nerves, and is -of essential importance for 
the life and growth of the cartilage. This is the peri- 
cltondrivm. There are three varieties of cartilage. 
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55. (1) Hyaline carlUage (Fig. 30a). Thw occurs 
on the articular surfaces of all bones ; on the borders 
of many short bones ; in the sternal part of the ribe, 
as costal cartiloffM ; at the mai^n of the sternum, 
scapula, aad os ileum ; in the rings of the trachea, the 
cartilages of the bronchi, the septum and lateral carti- 
lages of the nose ; and in 
the thyroid and cricoid 
cartilages of the laiynx. 
The ground substance ia 
hyaline, i.e., transparent, 
like ground - glass, and 
firm. The cells are 
spherical or oval proto- 
plasmic coipuacles, each 
with one or two nuclei. 
Fw. soi^Hji^ CiMUge They tmdergo division, 

Human Tnwhea. j"^ i,, ■ »i_ ^ a- 

IQ me lisllns grouna snbaMBce ire *I"i although the tWO off- 

wen^iha unirsje iwiii hkidmii In gpring are at first close 
together (half-moon-like 
in optical section), they gradually grow wider apart 
by the deposit of hyalme ground substance between 
them. The cells are contained in cavities called the 
cartilage lacuna. Each cell generally occupies one 
lacuna, but according to the state of division a lacuna 
may contain two, four, six, or eight cartilage cells ; 
the latter are those cases in which division proceeds 
at a more rapid rate than the deposition or formation 
of hyaline ground substance between the cells. 

The part of the cartilage next to the perichondrium 
showamost active growth; hence the cellsare here smaller, 
, closer together, and there ia less ground substance. 

Each lacuna is lined by a delicate membrane, and, 
according to the state of the cell, is either com- 
pletely or partially filled out by it This membrane 
is called the capsule (Fig. 30a). In many cartilages, 
especially in growing cartilage, it is thickened by the ad- 
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dition of a layer or layers of hyaline ground substance ; 
this is the most recently-formed part of the matrix, but 
is still distinct 
from the rest of 
the ground sub- 

56. In some 
places, especi- 
ally in articular 
cartilage (Till- 
manns, Baber), 
bundles of fine 
conne ctive 
tissue fibrils 
may be noticed 
in the hyaline 

ground sub- pig. sOB.-prom « Prepmntion of the Sterna! 

stance. C»rtii«e9 of t. Howt 

- 57. In some " "" by'SneShannela!*""''™'""""* 

cartilages, the 

protoplasm of the cell becomes filled with fat globules 
(Fig. 30c). This fact may be observed in many normal 
cartilages ; sometimes the fat globules 
become confluent into one large drop, 
and then the cell has the appearance of 
a fat ceil. In age, disease, and defi- 
cient nutrition, lime salts are deposited 
in the ground substance, beginning 
from the circumference of the cells. 
The earthy matter appears in the shape 
riB.soc.— ^ree oh^ of opaque granules, or irregular or 
fJ™ the'^h'"imo '"'g"!" granules. The ground sub- 
mmJ'^Ibm™ "^ stance thereby loses its transparency, 
aoineMig. becomes opaque in transmitted, white 

in reflected, light, and, of course, very 
hard and brittle. This process is the calcificalion of 
cartilage. It is also met with in cartilage that is to be 
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i*eplaced by bone, being the precursor of the formation 
of bone, as in the embryo (see below), and at the 
growing ends of long bones. 

58. The multipHcation of the cartilage cells has 
been observed during life by Schleicher and Flemming. 
It takes place after the mode of karyokinesis. The 
lacunae of the cartilage are not isolated cavities, but 
are connected with one another by fine channels (Fig. 
30b), so that the ground substance is easily permeable 
by the current of nutritive fluid. These channels and 
lacunse make one intercominunicating system, and are 
connected with the lymphatics of the perichondrium 
(Budge). Formed matter, as pigment granules, red 
and white blood corpuscles, and pus corpuscles, may 
also find its way into the channels and lacunse of the 
cartilage from the perichondrium. 

At the borders of articular cartilage, where it is 
joined to the synovial membrane and the capsule of 
the joint, the cartilage cells are more or less branched, 
and pass insensibly into the branched connective tissue ' 
cells of the membrane. In foetal hyaline cartilage 
many of the cells are spindle-shaped or branched. 

^9. In the cartilage separating the bone of the 
apophyses from the end of the diaphysis of tubular 
bones, there is a peculiar hyaline cartilage, known as 
the intermediate or ossifying. Its cells are arranged 
in characteristic vertical rows, owing to the continued 
division of the cells in a transverse direction. 

Cai-tilages, or parts of cartilages, in which the cells 
are very closely placed, owing to the absence, or 
scanty deposit and formation, of ground substance, 
are called parenchymatous or cellular. 

60. (2) Fibro-cartilage, or connective tissue car- 
tilage, occurs as the intervertebral discs, as the inter- 
articular cartilages, sesamoid cartilages, and as that 
forming the margin of a fossa glenoidalis. It consists of 
JiiyrovA connective tissue arranged in bundles^ and these 
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again in layers. The ground substance of this cai'ti- 
lage is said (!) to 
yield chondiin and 
not gelatiiL Be- 
tween the strata of 
the fibrous bundles 
are rows of more or 
less flattened oval 
protoplasmic nu- 
cleated cells, each 
invested in a deli- 
cate capsule{Fig.31). 
They are less flat- 
tened than the cells 
of tendon, and the ' 
capsule d istinguish es 
thetwa Wherefibro- 
cirtilage passes into 
tendinous tissue, 
the two kinds of cells pass insensibly into one another. 
6L (3) YeUow, or 
eiasllc cartilage. — 
This variety is also called 
reticular ; it occurs in the 
epiglottis, in the external 
ear. in the Eustachian tube, 
in the cartilages of Wris' 
berg and Santorini in the 
laiynx. In the early 
stage this kind is hyaline. 
Gradually numbers of 
elastic fibrils make their 
appearance, growing into 
_ the cartilage matrix from 

"'^^^U&tf"^"*'^'""'-''' tiie perichondrium in a 
more or less vertical direc- 
tion, and branching and anastomosing with one 

E— 1 
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another. The final stage is reached when the ground 
substance is permeated by a dense nettvork of elastic 
JUyrils (Fig. 32), so arranged that spherical or oblong 
spaces are left, each of which contains one or two 
cartilage cells, surrounded by a smaller or larger zone 
of hyaline grownd substance. 



CHAPTER YIL 

BONE. 

62. Bone, as osseous substance, is associated with 
several other soft tissues to form a bone in the ana- 
tomical sense of the word. 

(a) The pertostemn. — Except at the articular 
surfaces, and where bones are joined with one another 
by ligaments or cartilage, all bones are covered with a 
vascular membrane of fibrous connective tissue. This 
is the periosteum. It consists in most instances of 
an (mt&r fibrtms layer ^ composed of bundles of fibrous 
tissue densely aggregated, and an i/nn^er^ or osteogenetic 
layer, which is of loose texture, consisting of a mesh- 
work of thin bundles of fibrous tisstie, in which nu- 
merous blood-vessels and many protoplasmic cells are 
contained. The blood-vessels form by their capillaries 
a network. The cells are spheroidal or oblong, each 
with one spherical or oval nucleus. They have to 
form bone-substance, and are therefore called the osteo- 
blasts (Gegenbaur). 

(b) The cartilag^e is hyaline cartilage, and its 
distribution on and connection with bone have been 
mentioned 

63. (cV^PAiarrb^ M(>^$)ti£ is a soft vascular 
tissue, fi)D% up all spaces and icfi^&ties. It consists 
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of a very small a/fnount of fibrous tissue as a matrix, 
and in it are embedded ivamerotbs blood-vessels and cells* 
The few afferent arterioles break up into a den«e net 
work of capillaries, and these are continued as plexuses 
of veins, characterised by their size and exceedingly 
thin walls. The cells are of the same size, aspect, and 
shape as the osteoblasts of the osteogenetic tissue, and 
they are called ma/rrow cells. 

In origin and structure, the tissue of the osteo- 
genetic layer of tJie periosteum and the marrow are 
identical In the embryo, the marrow is derived 
from an ingrowth of the osteogenetic layer of the 
periosteum (see below), and also in the adult the two 
tissues remain directly continuous* As will be shown 
later, the mairow at the growing ends of the bones 
is concerned in the new formation of osseous substance 
in the same way as the osteogenetic layer of the peri- 
osteum is in that of the surface ; and in both tissues 
the highly vascular condition and the cells (osteoblasts 
of the osteogenetic layer, and marrow cells of the 
marrow) are the important elements in this bone 
formation. Marrow is of two kinds, a<5Cording to 
the condition of the cells. If many or most of these 
are transformed into fat dells, it haS a yellowish aspect, 
and is called yellow marrow ; if fei;^ or none of them 
have undergone this change, it looks red, and is called 
red ma/rrow. In the central, or marrow, cavity of the 
shaft of tubular bottes, and in the spaces of some 
spongy bones, the marrow is yellow ; at the ends of the 
shaft, in the spongy bone substance in general, and in 
young growing bones, it is red. 

The cellS) especially those of red marrow, are the 
elements from which normally vast numbers of red 
blood-corpuscJles are formed, as has been mentioned on 
a former page. 

In marrow, particularly in red marrow, we meet 
with huge mtilti-nudleated cells, called Myeloplaxes of 
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Jiobin. They are derived by overgrowth from ordinary 
marrow cells, and are of importance for the absorption 
and formation of bone (see below). According to 
Heitzmann, Malassez, and others, they also have to 
do with the formation of blood-vessela and blood- 
corpuscles. 

64. The matrix of osseons snfcstance is dense 
fibrons connective tissue, i.e., a tissue yielding gelatin 
on boiling. The cement substance between the fibrils 
is petrified, owing to a deposit of insoluble inorganic 
lime salts, chiefly carbonates and phosphates. These 
can be dissolved out by strong acids (hydrochloric) 
and are thereby converted into soluble ealte. Thus 
the organic matrix of osseous substance — called mtein 
— may be obtained as a soft flexible material, easily 
cut 

The bone substance is in the adult state generally 
lamellated, the lamellse being of microscopic thinness. 
Between every two 
lamellce are num- 
bers of isolated, 
flattened) oblong 
spaces — the bone 
lOeilntB (Fig. 33), 
which anastomose 
by numerous^ fine 
canals with one 
another, and also 
with those of the 
tameiiiBiobioiigbraBolied next lamella above 
and below. The 
appearances are 
very similar to those presented by the lacnnfe and 
canaliculi containing the corneal corpuscles, as des- 
cribed in Chapter V, 

These bone lacnnfe and their canaliculi are the lymph- 
canalioular system of osseoUs substance, for they are 
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in open and free communication witli the lymphatic 
vessels of the marrow spaces and of the Haversian 
canals. 

65. In the bone matrix, each lacuna contains also a 
nucleated protoplasmic cell, called ike hone cell, which, 
however, does not fill it completely. In the young state, 
the cell is branched, the branches passing into the 
canaliculi of the lacunae ; but in the old state very few 
processes can be detected on a bone cell, which, with 
its lacuna and canaliculi, is called a hone corpuscle, 

66. According to the arrangement of the bone 
substance, we distinguish compact from spongy sub- 
stance. The former occurs in the shaft of tubular 
bones and in the outer layer of flat and short bones. 
Its lamellae are arranged as : (a) concentric or Haversian 
lamellce, directly surrounding the Haversian canals 
(Fig. 33a), These are narrow canals of varying 
lengths pervading the compact substance in a longitu- 
dinal direction, and anastomosing with one another by 
transverse or oblique branches. The Haversian canals 
near the marrow cavity are larger than those near 
the periosteum. In fact, those next to the maiTOw 
cavity become gradually enlarged by absorption, until 
finally they are fused with the marrow cavity. Each 
Haversian canal contains a blood-vessel, one or two 
lymphatics, and a variable amount of marrow tissue. 
These canals open both into the marrow cavity and on 
the outer surface into the osteogenetic layer of the peri- 
osteum, and they form the means by which the latter 
remains in continuity with the marrow. Each canal 
is surrounded by a series of concentric hone larmllce^ 
with tlie hone corpuscles hetween them, and this is a 
system of concentric lamellce, Near the external sur- 
face of the compact substance the number of lamellae 
in each system is smaller than in the deeper parts. 
(6) Between these systems of concentric lamellae are 
the interTnediate or ground lamellce; they run in various 
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directions, and in reality fill the interstices between 
tKe systems of the Haversian or concentric lameUse. 
Near the external surface of long bones they have pre- 
eminently a direction parallel to the surface. These are 
the cireumfermlial lamdlce of Tomes and do Moi^an. 



The lameUffi of compact bone are perforated by per- 
pendicular petrified fibres, the perforaiing jibrea of 
Sharpey. They form a continuity with the fibres of 
the periosteum, from 'which they are developed. 

Some of these fibres are smaller than the rest, and 
of the nature of elastic fibres. 

67. Spongy bone aubatance occurs In the end of the 
shaft, in the apophyses, in short bones, and in tlie 
diploe of fiat bones. Tlie cavities or meshes of the 
spongy substance are called Havertian spaces or ean- 
celU; they intercommunicate with one another, and itre 
filled with marrow, which in the young and growing 
state is generally of the red variety. The firm parts 
form spicules and septa, called bone trabecule, 
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of varying length and thickness, and composed of 
lamellae of bone substance. 

According to the arrangement of the trabeculsB, 
the spongy substance is a uniform honey-combed sub- 
stance, or appears longitudinally striated, as in the 
end of the shaft. In the latter case the marrow spaces 
are elongated and the trabeculee more or less parallel, but 
anastomosing witli one another by transverse branches. 

68. ]>evelopiiieiit of bone. — Bone is developed 
in the embryo, and continues to be formed also after 
birth as long as bone grows, either in the cartilage, or 
independently of this directly from the osteogenetic 
layer of the periosteum. The former mode is called 
endochond/ral^ the latter periosteal, or intermembranous 
formation. 

All the bones of the limbs and of the vertebral 
column, the sternum, and the ribs, and the bones 
forming the base of the skull, are preformed in the 
early embryo as solid hyaline cartilage, covered with 
a membrane identical in structure and function with 
the periosteum, which at a later period it becomes. 
The tegmental bones of the skull, the bones of the face 
with the lower jaw, except the angle, are not pre- 
formed at all. Only a membrane identical with the 
future periosteum is present, and imderneath and 
from this the bone is gradually deposited. 

69. Endochondral formation* — The stage 
next to the one (1) in which we have solid hyaline 
cartilage covered with periosteum is the following 
(2) ; Starting from the " centre, or point, of ossifica- 
tion," and proceeding in all directions, the cartilage 
becomes permeated by numbers of channels (cartilage 
channels) containing prolongations (periosteal processes 
of Virchow) of the osteogenetic layer of the periosteum, 
i.e., vessels and osteoblasts, or marrow cells. This is 
the stage of the vasculurisation of the cartilage. In 
the^next stage (3) the cartilage bordering on these 
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channels grows more transparent, the la^unte becoming 
enlarged and the 
cartilage cells more 
transparent. The lat- 
ter gra:dually break 
down, while the in- 
tercellular trabeoulse 
become calcified; 
the lacunie them- 
selves, by absorp- 
tion, fusing with the 
cartilage channels. 
These latter there- 
by become trans- 
formed into irreyii- 
I lar cavities, which 
are bordered by 
projecting trabeculas 
of calcified carti- 
lage. The cavities 
are the primary 
marrow cavities, and 
they are filled with 
the primary or car- 
riage marrow, i.e., 
blood - vessels and 
osteoblasta, derived, 
oa stated above, from 
the osteogenetic 
layer of the peri- 
osteum, (i) The 
Flg.S4.-LonKiti-dliialB«!tlonaiTOiirfitlis osteoblasts arrange 
•nHraFiBtalHninenuof »Gaiiiea-pig. themselves by ac- 

'■J't?»™Ml«'SHniil^?S''t'B?ndS(tE'^r(!; tive multiplication 
on the surface of the 
calcified cartilage trabecute projecting into, and bo^ 
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dering the primary marrow cavities. The osteoblasts 
form bone substance, and as this proceeds, the calcified 
ca/rtUage trabeculce become gradually ensheathed and 
covered with a layer of osseous substance, — the osseous 
matrix and branched bone corpuscles. Thus the 
original cartilage gradually assumes the appear- 
ance of a spongy substance, in which the cavities 
(primary marrow cavities) are filled with the primary 
marrow, and are of considerable size, while the 
trabeculae bordering them are calcified cartilage 
covered with layers of new bone. The marrow cells, 
or osteoblasts, continue to deposit bone substance on 
the free surface of the trabeculse, while the calcified 
cartilage in the centre of the trabeculae gradually 
becomes absorbed. 

70. The nearer the centre of ossification, the 
more advanced is the process, i,e., the more bone the 
less calcified cartilage is found in the trabeculsB, 
and the thicker the latter. At the " centre of ossifi- 
cation," i.e., whence it started, the process is farther 
advanced; away from it, it is in an earlier stage. 
At this period of embryo life, between the centre of 
ossification and a point nearer to the extremity of 
the shaft of a long bone, all stages described above 
may be met with, viz., between the solid unaltered 
hyaline cartilage at the end of the shaft, and the 
spongy bone with the unabsorbed remains of calcified 
cartilage in the middle of the shaft, all intermediate 
stages occur (Fig. 34). 

71. After birth, and as long as bone grows, we 
find in the end of the shaft, and also in the epi- 
physis, a continuation of the process of endochondral 
formation described above. In fact, all bones pre- 
formed in the embryo as cartilage grow in length 
before and after birth by endochondral ' formation 
of new bone. The hyaline cartilage at their ex- 
tremities (intermediate or ossifying cartilage) is the 
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cartUafe at the expense of which the new bone is 
formed, by the marrow (blood-vessela and marrow- 
cells OF osteoblasts) of the spongy substance in con- 
tact with the cartilaga 

72. Following the development of a tubular bone 
after the above -mentioned stage 4, we find that the 
spongy bone once formed is not a permanent Btnicture, 
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but becomes graduallj absorbed altogether, and this 
process also starts from the points of ossification. Thus 
a continuous cavity filled with marrow is formed, and 
this first appears in the region of the centre of ossifi- 
cation, and represents the rudiment of the future 
continuous central marrow cavity of the shaft. Simul- 
taneously with or somewhat previous to this absorp- 
tion of, the endochondral bone, new bone — spongy 
bone— is deposited directly by the osteogenetic layer 
of the periosteum on the outer surface of the en- 
dochondral bona This also commences at the centre of 
ossification and proceeds from here gradually to further 
points. This is ihe periosteal bone (Figs. 34, 36). It is 
formed without the intervention of cartilage directly 
by the osteoblasts of the osteogenetic layer. And as 
fresh layers of osteoblasts multiply on the surface of 
the periosteal bone, new layers of bone trabeculae 
are formed, and the old trabeculae become increased 
in thickness. In the meshes or Haversian spaces of 
this spongy periosteal bone the same tissue is to be 
found as constitutes the osteogenetic layer of the 
periosteum, the one being derived from and con- 
tinuous with the other. 

In these Haversian spaces concentric lamellae of 
bone substance become formed by the osteoblasts, and 
spongy is thus transformed into compact bone, while 
at the same time the Haversian spaces, being nar- 
rowed in by the deposit of the concentric lamellae, are 
transformed into the Haversian canals. "When this 
compact bone is again absorbed, e,g., that next the 
medullary cavity of the shaft of a long bone, the 
concentric lamellae are first absorbed, the Haversian 
canal being in this way widened out and again trans- 
formed into a Haversian space. 

73. At birth all the primary endochondral bone 
has already disappeared by absorption from the centre 
of the shaft, and the bone present is all of periosteal- 
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the shaft, however, the 
spongy bone is all 
endochondral bone, 
and it continues to 
, grow into the intei^ 
mediate cartihige as 
stated above, so loi^ ■ 
as the bone gi-owa as 
a whole (Fig. 36). 
Of course the parta 
of this spongy bone 
nearest to the centre 
of the shaft are the 
oldest, and ulti- 
mately disappear by 
absorption into the 
central medullary 
cavity. In the epi- 
physis the spongy 
bone is also endo- 
chondral bone, and 
its formation is con- 
nected with the deep 
layer of the articu- 
lar cartilaga 

Underneath the 

of periosteum and on 
the surface of the 
spongy endochon- 
dral bone at the 
extremity of the 
shaft, the periosteal 
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74. intermembranonB fbrmalJon. — All 

bones not preformed in the embryo as cartilage are 
developed directly from the perioBteum in the manner 
of the periosteal bone just described (Fig. 37). Here also 



Fig. 37.— A SDUll BiaH9 ot Bone Snbstuice in Uie Perloeteum of t)ia 

Lower Jsw of h Hmnan PiEtnB. 
4» Of teoffflietir Uj'eT of DerLoiteani ; A, mnltl-Diicleftted giant celle, niTelDplbiiffl. 



the new bone is at first spongy bone, which in its inner 
layeM gtadually becomes converted into compact bone. 

In all instances durilig embryonic life and after 
birth the growth of a bone in thickness takes place 
, after the manner of periosteal bone ; this is at first 
spongy, but is gradually converted ioto compact bone. 

75. All osseous substance is formed in the embryo 
and after birth by the osteoblasts, or marrow cells 
(Gegenbaur, Waldeyer) ; each osteoblast giving origin 
to a zone of osseous matrix, and remaining in the 
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centre of this as a nucleated protoplasmic remnant, 
which gradually becomes branched and transformed 
into a bone celL The osseous matrix is at first a soft 
fibrillar tissue, but is gradually and uniformly im- 
pregnated with lime salts. This impregnation always 
starts from the centre of ossification. 

76. Wherever absorption of calcified cartilage or of 
osseous substance is going on, we meet with the multi- 
nucleated huge protoplasmic cells, called the myelo' 
plaaces of Robin. KsUiker showed them to be impor- 
tant for the absorption of bone matrix, and called 
them therefore Osteoclasts (Fig. 37). For cartilage they 
may be called Ghondroclasts. When concerned in tho 
absorption we find these myeloplaxes situated in 
smaller or larger pits, which seem to have been pro- 
duced by them ; these absorption pits or lacunae on the 
surface of bones are called Howship^s lactmcB, They 
invariably .contain numbers of osteoclasts. It can, 
however, be shown that myeloplaxes are also con- 
cemed iA the formation of bone, hj giving origin to a 
number of new osseous zones with their bone cells. 
In the earliest stages of development of the foetal jaw 
this process is seen with great distinctness (Fig. 37). 

77. Dentine forms the chief part of a tooth. It 
consists of a petrified matrix, in which are numbers of 
perpendicularly-arranged canals — the dentinal tvhes — 
containing the dentinal fibres. It is in some respects 
similar to bone, although difiering from it in cortain 
essentials. It is similar^ inasmuch as it is developed 
in like manner by some peculiarly transformed 
embryonal connective tissue — ^viz*, by the tissue of the 
embryo tooth papilla — and inasmuch as cfeUs ate con- 
cerned in the production both of the petrified matrix 
(impregnated Iv^ith lime salts), and of the processes of 
the cells contained in its canals — the dentinal fibres. 
The details of structure and distribution will be 
described in cdnnection with the teeth. 
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CHAPTER VIII. 

NON-STRIPED MUSCULAR TISSUK. 

78. This tissue consists of nucleated cells, which, 
unlike amoeboid cells, are contractile in one definite 
direction, becoming shorter and thicker during con- 
traction. 

The cells are elongated, spindle-sluiped, or band-like 
(Fig. 38a), and drawn out at each extremity into a longer 
or shorter, generally single but occasionally branched, 
tapering process. Each cell includes an oval micletcs, 




Fig. 38a.— Non-Btriped Mnscnlax Fibres, isolated. 

The croBS-markings indicate corrugations of the elastic shoath of the individual 

fibres. (Atlas.) 

which is flattened if the cell it belongs to is flattened. 
The cell-substance is a pale homogeneous-looking or 
longitudinally striated subrtanca 

During extreme contraction the nucleus may be- 
come more or less plicated, so that its outline becomes 
wavy or zig-zag. 

It has been shown by Klein in certain preparations, 
e.g., the non-striped muBcle cells of the mesentery of 
the newt, that each muscle cell consists of a delicate 
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elastic sheath^ inside of which is a bundle of mirvate 
Jlbrils, which cause the longitudinal striation of the cell. 
These fibrils are the contractile portion ; and they are 
contractile towards the nucleus, with whose intranu- 
clear reticulum they are intimately connected. When 
the cell is contracted its sheath becomes transversely 
connigated (Fig. 38b). 

79. The non-striped muscular cells are aggregated 
into smaller or larger bundles by an interstitial albu- 




Fig. 38s.— A Non-striped Muscular Cell of Mesentery of Newt. 

Showing several places where the muscular substance appears contracted, 
thicEened. At thes6 places the corrugations of the sheath are marked. 
(Atlas.) 

minous homogeneous cement substance, the cells being 
imbricated with their extremities. The bundles may 
form a pleoms, or they may be aggregated by fibrous 
connective tissue into larger or smaller groups, and 
these again into continuous masses oi* membranes. In 
the muscular coat of the bladder, in the choroidal 
portion of the ciliary muscle, in the arrector pili, in the 
muscular tissue of the scrotum, very well marked 
plexuses of bundles of non-striped musculai* cells may 
be met with. lii the muscularis miicossS of the 
stomach and intestines, in the outer muscular coat of 
the same organs,- in the uterus, bladder, &c., occur 
continuous membranes of non-striped muscular .tissue. 

When the muscular cells form larger bundles they 
are more or less pressed against one another, and, 
therefore, in a cross section appear of a polygonal 
outline. 

80i Non-striped muscular tissue is found in the 
following places : in the muscularis mucosse of the 
cesophagus, stomach, small and large intestine ; in the 
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outer muscular coat of the lower two-thirds or half 
of the human ceeophagua ; in that of the stomach, email 
and large intestine; in the tissue of the pelvis and 
outer capsule of the kidney ; in the muscular coat oF 
the ureter, bladder, and urethra ; in the tubules of 
the epididymis, in the vas de- 
ferens, vesiculae seminalis and 
prostate ; in the corpora caver- 
nosa, and spongiosa; in the 
tissue of the ovary, and in the 
broad ligament; in the mus- 
cular coat of the oviduct, the 
uterus and vagina ; in the 
posterior part of the wall of 
the trachea ; in the large and Pi-- i"^-^" ™ « Tmn w 
small bronchi, in the alveolar SJJ*°°"y''r'^i """""" 
ducts and infundibula of the n„„.Il^o.taii.°i.t»nin- 
lung; in the pleura pulmonalia h',Shi.i*7h. in'"J^!I 
(guinea-pig) ; in the peritoneum ^^[^^".'Su^'^dL S E. 
of the frog and newt, in the JJi^^auI. ' "" """"^ 
upper part of the upper eye-lid, 

and in the fissnra orbitalis ; in the sphincter and 
dilatator pupitlte, and the ciliary muscle ; in the 
capsule and trabeculre of the spleen, and the trabeculee 
of some of the lymphatic glands ; in the arrectores 
piiorum, and sweat glands of the skin, the tunica 
dartoa of the scrotum ; in the tissue of the nipple of 
the breast ; in the large ducts of the salivary and 
pancreatic glands ; and in the muscidar coat of the 
gall bladder, the hepatic and cystic duct. The aorta 
and the arteries have a larger amount of non-striped 
muscular tissue, the veins and lymphatics less. 

81. As regards length, the muscular cells vary 
■within confiiderable limits (from ^ to -j^^ of an inch), 
tliose of the intestine, stomach, respiratory, urinary, and 
genital organs being very long, as compared with 
those of the blood-vessels, which ai'e sometimes only 
P— 1 
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twice or thrice as long as thej are broad, and at the 
same time branched at their extremities. 

Non-striped muscular tissue is richly supplied with 
blood-vessels, the capillaries forming oblong meshes, 
though their number is not so great as in striped 
muscle. The nerves of non-striped muscle are all 
derived from the sympathetic ; their distribution afid 
termination will be described in a future chapter. 



CHAPTER IX. 

STRIPED MUSCULAR TISSUE. 

82. This tissue is composed of extremely long (up 
to 1^-2 inches) more or less cylindrical fibres, of a 
diameter varying between ^^ to ^-J^ of an inch j they 
appear transversely striated. These are the striped 
muscular fibres. They are held together by delicate 
bundles of fibrous connective tissue, with the ordinary 
connective tissue cells — endomysium — so as to form 
larger or smaller bundles ; these again are aggregated 
together by stronger bands and septa of fibrous con- 
nective tissue — perimysium — into groups, and these 
into the fasciculi or bundles of an anatomical muscle. 
The fibrous connective tissue, including the perimysium 
tissue, is the carrier of the larger vascular and nervous 
branches. The endomysium contains the capillaries, 
which form very rich networks with elongated meshes, 
and are always situated between the individual 
muscle fibres. The capillaries and veins appear very 
wavy and twisted in the contracted bundles, and 
straighter in the uncontracted bundles. The small 
vessels are provided here and there with peculiar saccu- 
lar dilatations, which act as a sort of safety receptacles 
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for the blood when, during a eudden maximal contrac- 
tion, it is pressed out from some of the capillaries. 

83. Each muacular fibre during contraction be- 
comes shorter and thicker. In the living uninjured 
muscular fibres, spontaneously or after the application 
of a stimulus, a contraction starts at one point and 
passes over the whole muscular fibre like a wave — 
contraction loaufi-— the progress of which is noticeable 
by the thickening, gradually and rapidly, shifting along 
the fibre,thepart behind resumingits previous diameter. 

84. When looked at in the fresh state, or after the 
action of certain re-agents, the muscular fibre shows the 
following parts 

(Fig. 40): (1)» 
transparent ho- 
mogeneous deli- 
cate elastic 
sheath, the sa/r- 
eolemiiui ; (2) 
dark delicate 
lines stretching 
across the fibre 
at regular inter- 
vals, so as to 
sub-divide the 
space within 
the sarcolemma 
into uniform 
transverse com- B 

partnients, the 

wacidar com- pjg_ ^ _atrin«l Mmcular Fibrei ol ths Wstar- 
partmentg of &etle (Hjdrophilna). 

Krause. These '''(^"i™!S'iAii^i3Si':°''i?'™S?°bion?51Si'^rt 

the mejrthraw^ M'im°■«"h^lSm™el™Ml^'^A31u ""''"'"' 
of Krauic Un- 
der a high power they seem permeated or broken up by 
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a great number of fine, clear, longitudinal lines (see be- . 
low), and therefore under these conditions seem to be 
made up of one row of granules. The membranes of 
Krause appear fixed to the sarcolemma, so that while 
a fibre contracts, or while it is conti'acted or shrunk, 
owing to the action of hardening re -agents, or merely 
in consequence of being detached from its fi.xations, its 
surface is not smooth, but regularly and transversely 
undulating, the valleys being caused by the attachment 
of the membranes of Krause to the sarcolemma. 
On stretching a fibre beyond its natural passive state, 
the surface becomes also uneven and undulating, but 
in a reverse manner from the above. 

85. These two membranous structures represent, 
as it were, the framework. In the muscular com- 
partments is contained the muscular substance, which 
again consists of (a) the contractile or chief substance 
(RoUett), which is a dim, broad, highly refractive, 
doubly refractive disc, occupying the greater part of a 
compartment, except a thinner or thicker layer at the 
side of Krause's membrane. This layer is (h) a trans- 
parent homogeneous fluid substance, forming the lateral 
disc of Engelmann, or the secondary substance of 
RoUett. It is isotropous. In this lateral disc occa- 
sionally a transverse row of granules appears present, 
but this is by no means of constant occurrence. The 
contractile disc seems homogeneous, but is in reality 
composed of prismatic or rod-shaped elements, the sar- 
cous elements of Bowman, each being as long as the coil- 
tractile disc. They are very close together, but there is 
left between them in the fresh and living state an ex- 
ceedingly minute layer of a homogeneous transparent 
interstitial Substance, identical with that of the lateral 
disc. After death and shrinking of the sarcous 
elements, this interstitial substance is more marked, 
and is then easily perceived as longitudinal clear 
lines separating the sarcous elements in the indi- 



Chap. IX.] Striped Muscular Tissue. 69 

vidual compartments. The total appearance pro- 
duced is that of longitudinal striation, the sarcous ele- 
ments of successive compartments forming fibrils — 
called the primitive fibrils. Sometimes in hardened 
muscular fibres the substance of the sarcous elements 
shows a middle transparent portion for the whole 
contractile disc ; this appears to form a distinct 
median transparency, known as the median disc of 
Hensen, 

86. Of course, each such fibril is a successive row 
of sarcous elements, with the corresponding portion of 
Krause's membranes, and the adjacent portions of the 
lateral discs. Generally, each fibril is thinnest at the 
point of Krause's membrane and lateral discs, and 
thicker at the part corresponding to the sarcous ele- 
ments, so that in reality it is of a moniliform shape 
(Haycraft). This varicose condition is the more appa- 
rent the shorter and thicker the individual sarcous 
elements are (Fig. 43a, b and c). 

These differentiations due to structure alone are 
sufficient to produce a transverse striation of the mus- 
cular fibres; but it must be borne in mind that a fibre 
when contracted or shrunk, even in the smallest degree, 
would show a transverse striation due to the above- 
mentioned undulating surface. Any other fibre with a 
moniliform shape would show the same transverse 
striation (Haycraft) ; and that usually observed on 
hardened — i.e., shrunk and more or less contracted — 
fibres, may be accounted for in this way. Fibres 
stretched or prevented from shrinking generally show 
pronounced longitudinal striation, but also very faint 
cross strisB ; these latter are due to the structural 
differences. 

87. On observing a transverse section through a 
fresh and living muscular fibre, the muscular substance 
inside the sarcolemma appears as a transparent ground- 
glass-like substance, crossed here and there by bright 
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lines. These lines gradually increase in namber, and 
to join that iiltimately they form a dense netvork. 
Thus a more or less regular pattern of amail polygonal 
fields is produced, which are styled Cohnheim's areas or 
fields (Fig, 41). Each corre- 
sponds to the end-view or 
optical section of a sarcous 
element prism, and is granu- 
lar, as if composed of a 
bundle of minute fibrils. 
If this be the case, each 
sarcoua element will have to 
be considered as a bundle 
of rods. The bright lines 
producing the Cohnheim's 

Yxt. *L-Btriped Haicolar ^^^3 »« the interstitial 

Pfbces in C™» Section. substance. When a muscle 

^]™m»? ISe' mliMuSf iS*BM^ fibre shrinks, after death 

agents, Cohnheim's fields 
shrink into small circular areas, separated by a rela- 
tively large amount of the interstitial substance. 

88. During contraction the cross striation is much 
narrower, the dim disc becoming shorter in the long 
diameter of the fibre, but broader in the transverse 
direction. 

The broader the lateral disc in a fibre, the more 
apart from one another are the dim or contractile 
discs. 

On the surface of the substance of the muscle 
fibres, but within the sarcolemma, are seen isolated 
oblong nuclei, which belong to small protoplasmic, 
more or less branched corpuscles — the imiscle cor- 
p'Mcles. In the adult fibres these are few and far 
between ; in the young and growing fibres they are 
numerous and large. Their protoplasm is the sub- 
stance which, becoming converted into the muscular 
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substance, is the matenal at the expenge of which 
new fibres are formed, or fibres ^eady formed 
become thickened, aa is the case when muscle fibres 
are kept at constant work. 

In the muscular fibres of man and most verte- 
brates (except the fibres of the heart), the muscular 
corpuscles are situated on the surface of the muscular 
substance ; but in inTertebrates (especially insects and 
Crustacea) they are often found in the central part 
of the fibres, and here they are occasionally seen 
forming almost a continuous cylindrical mass of nu- 
cleated protoplasmic cells. 

89. In the embryo the muscular fibres are de- 
veloped from spindle-shaped nucleated cells (Kemak, 
Weissmann, Eiilliker). One spindle-shaped cell with 
aji oval nucleus grows rapidly in length and thick- 
ness, its nucleus divides repeatedly, and the offspring 



Tbe iQiiBcle-coTpuKl^ u-a mucb iDcrfAKd In tlze mid nurulierB; t^pr ue 
prolAblr UKa bere for tbe new tormatioa ot tauaculfer lubitiuce. <AtlmL> 

become shifted from one another as the cell con- 
tinues to grow in length. The protoplasmic sub- 
stance all along one side of the cell gives origin to 
the muscular substance — sarcous elements and lateral 
disc — while a small rest of protoplasm remains col- 
lected around the nucleus as the muscle corpuscle. 
This protoplasm continues to increase in amount, 
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and then the increment again changes into muscular 
Bubstance (Fig. 42). In this way the muscular fibre, 
increases in thickness. Thus one spindle-shaped 
embryo cell gives rise to one muscular fibre, which, 
at first very slender, continues to grow in thickness 
by the active growth of the muscle corpuscles. The 

. sarcolemma appears to be formed from 

J cells other than muscle cells. 

90. The striped muscular fibres, taken 
a whole, are, as a rule, spindle-shaped, 

I becoming gradually thinner towards tLeir 

1 ends. They are branched in some excep- 

fct'"' ' ■'■i ^'""^^ cases— -e.^., in the tongue; here 

B ^>.'>A ^^ extremities of the muscle fibres, 

B^'^Hfll P^''^''^^ ^ ^ transverse direction into 

^1>hHB the mucous membrane, become richly 

^^\ branched. 

91. Muscular fibres terminate in 

■ tendons, either by the whole fibre passing 
. into a bundle of connective tissue fibrils 

(Fig. 43), or by the fibre ending abruptly 
with a blunt, conical end, apd becoming 

■ here fixed to a bundle of connective tissue 
fibrils. The individual fibres ,have only, 
as has been mentioned above, a limited 
length, so that, following a fasciculus 

^BtrSed"Mr^ bam one point of its insertion to 
S^ing^'f^ the other, we find some muscle fibres 
FibSuB Ti^ terminating, others originating. This 

T^imuion in ^^^'^ plaQe in the following way t the 

^ddon.iHMui. contents of a fibre suddenly terminate, 

whOe the sarcolemma, as a fine thread, 

becomes interwoven with the fine connective tissue 

between the muscular fibres. 

92. The striped muscular fibres of the heart 

(auricles and ventricles) and of the cardiac ends of 

the large veins (the pulmonary veins included) differ 
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from other striped muscular fibres in the following 
respects: — (1) They possess no diatinct sarcoleninia. 

(2) Their muscle corpuscles are in the centre of the 
fibres, and more numerous than in ordinary fibres. 

(3) They are very richly branched, each fibre giving off 
all along its course short bleaches, or continually divid- 
ing into smaller 

fibres and form- 
ing a close uet- 
work(rig.43A.) A 
transverse section 
through a bundle 
of such fibres 
shows, therefore, 
their cross sections 
irregular in shape 
and size. (4) Each 
nucleasof a muscle 
corpuscle occupies 
the centre of one 
prismatic portion ; 
each fibre and its 

appear composed 



of a single r 



'Of 



. .f. «i.— Striped MuBoular PibreB of tha 

such prismatic Heart, 

portions, and they *-.n^Si!iSiiJin'lIJrtorkl:'''ii,'p^rirf^twSoilre^ 
seem separated SSfn|[iv?°Stiu'iffl; ^.''m"* primtUYe'"(i'b?ii5i 
from one another owreiiiBiiijm»giiiaed, 
—at any rate in an 
early stage — by a septum of & transparent substance. 

93. Some muscular fibres are either markedly pale 
or markedly red (Eanvier) ; in the former {e.g., 
quadratiiB lumborura, or adductor magnus femoris 
ot rabbit) the transverse striation is more distinct 
and the muscular corpusclea less numerous, than 
in the latter (e.g., semi-tendinosus of rabbit, 
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diaphragm). Here the longitudinal striation appears 
very distinct, but these differences are not constant 
in other muscular fibres of other animals or of man 
(E. Meyer). 

94. Briicke has shown that striped muscular fibres 
are doubly refractive or anisotropous, like uniaxial 
positive crystals (rock crystal), the optical axis coin- 
ciding with the long axis of the fibres. The lateral 
disc and interstitial substance are isotropous, the sar- 
cous elements (Briicke) and Krause's membrane 
(Engelmann) are doubly refractive. The sarcous ele- 
ments are, however, not the ultimate optical elements, 
but must be considered as composed of hypothetical 
disdidclasts, the real doubly refractive elements 
(Briicke). 



CHAPTER X. 

THE HEART AND BLOOD-VESSELS. 

95. (a) The heart consists of an outer serous 
covering (the visceral pericardium), an inner lining 
(the endoca/rdium), and between the two the rmtscular 
wall (Fig. 44). Underneath the pericardium and en- 
docardium is loose connective tissue, called subperi- 
cardial and subendocardial respectively. 

The free surface of both the pericardium and 
endocardium has an endothelial covering, like other 
serous membranes, i.e., a single layer of transparent 
nucleated cell plates of a more or less polygonal or 
irregular shape. The ground-work of these two mem- 
branes is fibrous connective tissue, forming a dense 
texture, and in addition there are many elastic fibres 
composing networks. Capillary blood-vessels, lymphatic 
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vessels, and amalt branches of nerve-fibres are met 
with everywhere. The subpericardial and subendo- 
cardial tissues consist of loosely connected trabeculte 
of fibrous connective tissue, continuous with the 
intermuscular connective tissue of the muscular part 
of the heart The 
former contains in ' 
many places groups 
of fat cells. 

96. On the free 
surface of the papil- 
lary muscles, in some 
parts of the surface 
of the traheeulte 
camere, and at the 
insertion of the 
valves, the endocar- 
dium is thickened 
by tendinous con- 
nective tissue. The 
valves themselves 
are folds of the en- 
docardium, and con- 
tain fibrous COnnec- Fig. M.— Xrajieveree Fsction throiiRli the 

tive tissue, to which, tl^l'^,l*Tr?T,aI''^*^ 

semilunar valves, iSfiji' i. kh™ "ii coverfnsf" " 
numerous elastic 

fibi-es are added. The muscular tissue of the wall 
of the auricle penetrates a short way into the auriculo- 
ventrieular valves. 

All the cordte tendinete and the valves are of course 
covered on their free surfaces with endothelium. 

Special tracts of muscle fibres occur in the sub- 
endocardial tissue. 

Thejibres of Purkvn^e are peculiar fibres occurring 
in the subendocardial tissue in some mammals and 
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birds (Dot in man). They are thin, transversely striped, 
muse alar fibres, the central part of which is a con- 
tinuous mass of protoplasm, with nuclei at regular 
intervals, the same as is the case with some skeletal 
muscular fibres of insects. 

97. The muscular fibres forming the proper wall 
of the heart, the structure of which has been described 
in the previous chapter, are grouped in bundles 
separated by vascular fibrous connective tissua In the 
ventricles the bundles are aggregated into more or less 
distinct lamellae. 

Like other striped muscular fibres, those of the 
wall of the heart are richly supplied with blood-vessels 
and lymphatics. The endocjvrdium and valves and the 
pericardium possess their own systems of capillaries. 

The lymphatics form a pericardial and an endo- 
cardial network, the muscular substance of the heart 
having numerous lymphatics in the shape of lymph 
spaces between the muscular bundles, and also typical 
networks of tubular lymphatics. 

98. The nerve branches of the plexus cardiacus 
foi-m rich plexuses. In connection with some of 
them are found numerous collections of ganglion cells 
or ganglia. These are very numerous in the nerve 
plexus of the auricular septum of the frog's heart (Lud- 
wig, Bidder), and in the auriculo-ventricular septum 
of the frog (Dogiel). In man and mammals numerous 
ganglia are found on the subpericardJAl nerve branches, 
chiefly at the point of junction of the large veins with 
the heart, and at the boundary between the auricles 
and the ventricles. 

99. (b) The arteries (Fig. 45) consist of : (a) an 
endotlielial layer lining the lumen of the vessel ; (b) an 
intima consisting of elastic tissue; (c) a media, con- 
taining a large proportion of non-striped muscular cells 
arranged chiefly in a transverse, t.e., circular, manner ; 
and (d) an adventitia composed chiefly of fibrous 



I 
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connective tissue, with a 
elastic fibres. 

ia) The endothelium 
of flattened elon- e 
gated cell plates, i 

(6) The inti- 
ma in the aorta 
and large arteries 

plex structure, t 
consisting of an 
innermost layer 
of fibrous con- 
nective tissue, 
which is the 
" iniwr lowjitu- 
dinal fibrous 
layer'' of Remak, 
outside of which 



admixture of networks of 



I continuous single flayer 



ngitudii 



Uly- 



composed of 

/enettrated elastic membranes of Heith, (See page 44.) 

The larger the artery the thicker the intima. In 

microscopic arteries the intima ia a thin fenestrated 

membrane, the fibres having distinctly a longitudinal 

arrangement. 

(c) The media is the chief layer of the wall of 
the arteries (Fig. 46). It consists of transversely 
arranged elastic lamellce (fenestrated membranes and 
networks of elastic fibres), and between them smaller 
or larger bundles of circularly arranged muscular 
cells. The larger the artery the more elastic ti,s- 
sue is there present in the media, the smaller 
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the artery tha more muscular tissue. In micro- 
scopic branches of arteries the media consists 
almost entirely of cir- 
cular non-striped muscle 
cells with only few elas- 
tic fibrea. 

100. In the last 
branches of the micro- 
scopic arteries, the mus- 
cular media becomes dis- 
continuous, icasuuch as 
the (circular) muscular 
cells aj% arranged not as 
a continuous membrane, 
but as groups of small 
cells (in a single layer) 
I in a more or less alter- 
) nate fashion. 
I When the media 
contracts, the intima is 
thrown into longitudinal 
folds. 

The aorta has, in the 

Tig.M,— TmwTsneSectiontiiratigh inuennost and in the 

oSKSSSaS"""" oiWrnoM parte of ft, 

A, The uurr, ifcowJM iho nutinutd media, numbers of lon- 

JSSi^ll(iMCSSii&id«r»dve" gitudinal and oblique 

l«'i?ti!'ihJm<3l'i'.yf"rr"SSch'uilme? miiscle Cells. AcCOrd- 

thau In the »rt«T. utiu.) jjjg j^ Bardelebcn, all 

large and middle-sized 
arteries have an inner longitudinal muscular coat 

101. Between the media and the next outer layer 
there is, in larger and middle-sized arteries, a special 
elastic membrane, the tlagHca externa at Hen I a 
(rf) The adventitia is a relatively thin fibrous con- 
nective tissue membrane. In large and middle-sized 
arteries there ai-e numbers of elastic fibrea present, 
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especially in the part next to the media; they 
form networks, and have chiefly a longitudinal 
direction. 

The larger the artery the more iusigmfieant is the 
adventitia as compared with the thickness of media. 

In microscopic arteries (Fig. 47), the 
adyentitia is represented by thin bundles 
of fibrous connective tissue and branched ^ 
connective tissue cells. 

liaise and middle-sized arteries pos- 
sess their own system of blood-vessels 
{vasa vasorum), situated chiefly in 
the adventitia and media ; lymphatic 
vessels and lymphatic clefts are also 
present in these coats. 

102. (o) The veins differ from the 
arteries in the greater thinness of their 
wall. The intima and media are similar 
to those of arteries, only thinner, both 
absolutely and relatively. The media 

contains in most veins circularly ar- ria.. it. — uimiw 
ranged muscular fibres ; they form a con- Anery, 
tinuous layer, as in the arteries, and ''i[>tin^^n."miHf 
there is between them generally more Y^^^^ S^IS''' 
fibrous connective tissue than elastic. \^^*^^^ 
The adventitia is usually the thickest coat, fj'jji'j ■^™i''»* 
aad it consists chiefly of fibrous connec- 
tive tissue (Fig. 46). The smallest veins— i.e., before 
passing into the capillaries^ — are composed of a lining 
endothelium, and outside this are delicate bundles of 
connective tissue forming an adventitia. The valves 
■ of the veins are folds, consisting of the endothelium 
lining the surface, of the whole intima, and of part 
of the muscular media- 

103. There are many veins that have no muscular 
fibres at all, e.j?., vena jugularis — interna and externa 
— the vena subclavia, the veins of the bones and 
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retina, and of the membranes of the brain and cord. 
Those of the gravid uterus have only longitudinal 
muscular fibres. The vena cava, azygos, hepatica, 
spermatica interna, renalis and axillaris, possess an 
inner circular and an outer longitudinal coat. The vena 
iliaca, cmralis, poplitea, mesenterica, and umbilicalis 
possess an inner and outer longitudinal and a middle 
circular muscular coat. The intima of the venae 
pulmonales in man is connective tissue containing 
circular bundles of non-striped muscular cells (Stieda). 

104. The trunk of the venae pulmonales and venae 
cavae possesses striped muscular fibres, these being 
continuations of the muscular tissue of the auricles. 

105. Hoyer showed that a direct communication 
exists between arteries and veins without the inter- 
vention of capillaries — as in the matrix of the nail, 
in the tip of the nose and tail of some mammals, in 
the tip of the fingers and toes of man, in the margin 
of the ear lobe of dog and cat and rabbit. 

In the cavernous tissue of the genital organs 
veins make large irregular sinuses, the wall of which 
is formed by fibrous and non -striped muscular tissue. 

106. (d) The captUary blood-vessels are 
minute tubes of about -a oV^ ^ iTTnnr ^^ ^^ ^^^ ^^ 
diameter. Their wall is a single layer of transparent 
elongated endothelial -plates^ united by thin lines of 
cement substance (Fig. 48) ; each cell has an oval 
nucleus. In fact, the wall of the capillaries is merely 
a continuation of the endothelial membrane li]!ling 
the ai-teries and veins. 

In some places the capillaries possess a special 
adventitia made up of branched nucleated connective 
tissue cells (hyaloidea of frog, choroidea of mammals), 
or of an endothelial membrane (pia mater of brain 
and cord, retina and serous membranes), or of adenoid 
reticulum (lymphatic glands. His). 

The smallest capillaries are found in the central 
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nervous system, the largest in the marrow of bone. 
The capillaries form networks, the richness and 




ris, IB.— From & Prepontion of tha Peritoneum, atalned 
Willi Kitmte ot SUver. 

veuelt In tlw memtme ; Clieir mil ll ■ later ol eudotief jum. (HuidbooD 



Fig. W.—Tomig Tat Tjaaae ot tlie Omentom, Ita Blood-Teneb Ipjeoted 



arrangement of which vary in the diSerent organ* 
according to the nature and arrangement of the ele- 
ments of the tissue (Fig. 49). 
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107. If capillaries are abnormally distended, as 
in inflammation, or otherwise injured, the cement sub- 
stance between the endothelial plates is liable to give 
way in the shape of minute holes, or stigmata, which 
may become larger holes, or stomata. The passage 
of red blood corpuscles (diapedesis), and the migration 
of white corpuscles in inflammation through the 
unbroken capillaries and smaU veins, occur through 
these stigmata and stomata. 

108. Young: and Oroi¥ing; Capillaries, both 
of normal and pathological tissues, possess solid thread- 




Fig. 50.— From a Preparation of Omeutnm of Babbit, after staining with 

Kitrate of Silver. 

V, A minute vein; a, BOlid protoplasmic prolonfrations of the wall of a capillary, 
connected with connective tissue corpuscles ; o, a solid young bud. (Atlas.) 

like shorter or longer nucleated protoplasmic 2yfocesses 
(Fig. 50), into which the canal of the capillary is 
gradually prolonged, so that the thread becomes con- 
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verted into a new capiUaiy branch. Sacli growing 

capilliiries are capable of contraction (Strieker). 

All blood-vessels, arteries, veins, and capillaries, 
in their early stages, both in. embryonal and adult life, 
are of the nature of minute tubes, the wall of 
which consists of a simple endothelial membrana 
In the case of the vessel becoming an artery or vein, 
cells are added to the outside of the endothelium, 
thus forming the elastic, muscular, and fibrous con- 
nective tissue elements of the wall. 

109. In the first stage, both in the embryo and 
in the adult, the -^ 

vessel is repre- 
sented by a solid 
nucleated proto- 
plasmic cell, elon- 
gated or spindle- 
shaped or branch- 
ed. Such a cell 
may be an isolated 
cell of the connec- 
tive tissue inde- 
pendent of any 
pre -existing vessel, 
or it may be a * 
solid protoplasmic 
outgrowth of the 
endothelial wall of 
an existing capil- 
lary vessel (Fig. y\s. Sl.-D8velopmg Capman- Blooa-TflssBlB 

51). Inbothcaaes from tfis TWi (5 T»dpoie. 

it becomes hoi- •■i*S|,"'Swd'Ji^wVM™?'9p-™^''''»i°d''"n^"'>^ 

lowed out by a |5,7i;;.,'^'"™» '"" "^'8i"««rlng »vfii.r.«. 

process of vaenola- 

tion; isolated vacuoles appear at first, but they 

gradually become confluent, and thus a young vessel is 

formed, at first veiy irregular in outline, but gradually 
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acquiring more and more of a tubular form. In the 
case of an isolated cell, its protoplasmic processes 
grow by degrees to the nearest capillary, to the wall 
of which they become fixed, and the cavity of the cell 
finally opens through such processes into that of the 
capillary vessel. 

The wall of young capillaries is granular-looking 
protoplasm (the original cell substance), and in it 
are disposed, in more or less regular fashion, oblong 
nuclei, derived by multiplication from the nucleus of 
the original cell. In a later stage, a differentiation 
tak^s place in the protoplasmic wall of the capillary 
into cell-plates and cement substance, in such a way 
that each of the above nuclei appertains to one cell- 
plate, which now represents the final stage in the 
formation of the capillary. Both in the embryo and 
in the adult a few isolated nucleated protoplasmic cells, 
or a few protoplasmic solid processes of an existing 
capillary, may by active and continued growth give 
origin to a whole set of new capillaries (Strieker, 
Affanasieff, Arnold, Klein, Balfour, Ranvier, Leboucq). 



CHAPTER XL 

THE LYMPHATIC VESSELS. 

110. The larg^e lymphatic tniiiks,such as the 

thoracic duct, and the lymphatic vessels passing to and 
from the lymphatic glands, are thin-walled vessels, 
similar in structure to arteries. Their lining endothe- 
lium is of the same character as in an artery, and so are 
the elastic intima and the media with its circular mus- 
cular tissue, but they are very much thinner than in 
an artery of the same calibra The adventitia is an 
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exceedingly thin connective tiss 
few elastic fibres. Tlie valves a 
tlie endothelium and intima. 

111. The lympliatics in the tissues and organs 
form rich plexuses. They are tubular vessels, the wall 
of which is, like that of a capillary blood-vessel, 
a single layer of endothelial plates (Pig. 52). The 
lymphatic is often many times wider than a blood 
capillary. The endothelial plates are elongated, but 



Fig. 62.— Lympuatio Vessels at ths Diaphragm of the Dog, Btidiied witti 



not SO long as in a blood capillary, with more or less 
sinuous outlines, but this depends on the amount of 
shrinking of the tissue in which the vessel is embedded ; 
when there is no shrinking in the tissue or in the vessel, 
the outlines of the cells are more or less straight. 

The lymphatics are supported by the fibrous con- 
nective tissue of the surrounding tissue, which does 
no(^ however, form part of their wall. 
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112. The outline of the vessel is not straight, but 
more or less moniliform, owing to the slight dilatations 
present below and at the sefmArhjmar valves ; these are 
folds of the endothelial wall^ and they are met with in 
great numbei-s. The vessel appears slightly dilated 
immediately beyond the valve, that is, on the side 
farthest from the periphery, or rootlet, whence the 
current of lymph starts. 

113. Tracing the lymphatic vessels in the tissues 
and org^s towards their rootlets, we come to more or 
less irregular-shaped vessels, the wall of which also 
consists of a single layer of polygonal endothelial plates ; 
the outlines are very sinuous. These are the lym- 
phatic capillaries ; in some places they are mere clefts 
and irregular sinuses, in others they have more the 
character of a tube, but in all instances they have 
a complete endothelial lining, and no valves. 

Sometimes a blood-vessel, generally arterial, is 
ensheathed for a shorter or longer distance in a 
lymphatic tube, which has the character of a lym- 
phatic capillary; these are the perivascular lymphatics 
of His, Strieker, and others. 

114. The rootlets of the lymphatics are situ- 
ated in the connective tissue of the different organs 
in the shape of an intercommunicating system of 
crevices, clefts, spaces, or canals, existing between the 
bundles, or groups of bundles, of the connective tissue. 
These rootlets are generally without a complete endo- 
thelial lining, but are identical with the spaces in 
which the connective tissue corpuscles are situated ; 
where these are branched cells anastomosing by their 
processes into a netw'ork — such as the cornea, or serous 
membranes — we find that the rootlets of the lymphatics 
are the lacunae and canaliculi of these cells — the typical 
lymph-canalicular system of von Recklinghausen. (Fig. 
53). The endothelial cells forming the wall of the 
lymphatic capillaries are directly continuous with the 
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connectiTe cells situated in the rootlets. In tendons 
and fasciae the minut« lymphatics lie between the 
bundles, and have the shape of continuous long clefts 



Pig. S3.— Prom a SilTer-etainBd PrapaiBtion ol tbe Centra! Tendon o( 
the Babbit's DiapbragiB. Showing the direct comiectioD of tbo 
LTmph'CBiialiculai Sjiatem of tlie Tiiane with the Lj^phatio 

->, I^mpliatJc vsBel ; b, lyiui>tiatlc mL>lllAry l^Ded wjib 'slnuouB' ^adotlielLuni, 



or channels ; in striped muscular tissue they have the 
same character, being situated between the muscular 

The passage of plasma from the minute arteries 
and capillary blood-vessels into iJie lymph-rootlets 
situated in the tissues, and thence into 1Jie lymphatic 
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capillaries and lymphatic yessels, is the natural current 
of lymph irrigating the tissues. 

115. Liymph cavities*— In some places the l3nn- 
phatic vessels of a tissue or organ are possessed of, or 
connected with, irregularly-shaped large sinuses, much 
wider than the vessel itself ; these cavities are the 
lymph sinuses, and their wall is also composed • of a 
single layer of more or less polygonal endothelial 
plates with very sinuous outlines. Such sinuses are 
found in connection with the subcutaneous and sub- 
mucous lymphatics, in the diaphragm, mesentery, liver, 
lungs, &C. On the same footing — t.e., as lymph 
sinuses — stand the comparatively large lymph cavities 
in the body, such as the subdural and subarachnoidal 

spaces of the central 
nervous system, the 
synovial cavities, the 
cavities of the tendon- 
sheaths, the cavity of 
the tunica vaginalis 
testis, the pleural, 
pericardial, and peri- 
toneal cavities. In 
batrachian animals, 
e.^., frogs, the skin all 
over the trunk and 
extremities is sepa- 
rated from the sub- 
jacent fasciae and 
muscles by large bags 
or sinuses — the 8vh- 
cutaneoiis lymph sa^s. 
These sinuses are shut 
off from one another by septa. Between the trunk 
and the extremities, and on the latter, the septa 
generally occur in the region of the joints. In 
female frogs in the mesogastrium smaller or larger 




Fig. 54.— ^tomata, lined with Germi- 
nating Endothelial Cells, as seen 
^m the Cisternal Snrfaoe of the 
SeptomCistenuB LymphatiosB Magnsa 
of the Frog. (Handbook.) 
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cysts lined with ciliated endothelium are sometimes 
found. Behind the peritoneal cavity of the frog, 
on each side of the vertebral column, exists a similar 
large lymph sinus, called the cistema lymphatica 
magna. 

116. In all instances these cavities are in direct 
communication with 
the lymphatics of the 
surrounding parts by 
holes or open mouths 
(»<oma to), often lined 
by a special layer of 
polyhedral endothe- 
lial cells — germinat- 
ing cells (Figs. 54, 
55). Such stomata 
are numerous on the 
peritoneal surface of 
the central tendon of 
the diaphragm, in 
which are found 
straight lymph chan- 
nels between the 

tendon bundles, and these channels communicate here 
and there with the free surface by stomata. A 
similar arrangement exists on the costal pleura, the 
omentum, and the cistema lymphatica magna of the 
frog. (See Chapter IV.) 

117. The serous membranes consist of endo- 
thelium upon a layer of fibrous tissue with networks 
of fine elastia fibres ; they contain networks of blood 
capillaries and numerous lymphatic vessels arranged in 
(superficial and deep) plexuses. Those of the pleura 
costalis — or rather, intercostalis — and of the diaphragm 
and pleura pulmonalis, are most numerous. They are 
important in the process of absorption from the pleural 
and peritoneal cavity respectively. Lymph and lymph 




F^. 55. — ^Endothelium and Stomata of 
the Peritoneal Surface of the Septum 
Gistemee Lymphatics Maguse of the 
Erog. (Handhook.) 
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corpuscles^ and other solid particles, are readily taken 
up by the stomata (see Fig. 20) and brought into 
the lymphatics. Here the respiratory movements of 
the intercostal muscles, of the diaphragm, and of 
the lungs produce the result of the action of a 
pump. 

118. There is a definite relation between the 
lymphatics and the epithelium which covers the 
mucous membranes and lines the various glands and 
also between the endothelium covering serous mem- 
branes and that lining vessels and lymph cavities — 
viz., the albuminous semifluid cement substance (see 
former chapters) between the epithelial or endothelial 
cells is the medium by which fluid and formed matter 
pass between the surfaces and the lymph-canalicular 
system, i.e., the rootlets of the lymphatics. 

119. liympli taken from the lymphatics of dif- 
ferent regions differs in composition and structure. 
That from the thoracic duct contains a large amoTint 
of colourless or white corpuscles (lymph corpuscles), 
each of which is a protoplasmic nucleated cell 
similar in structure to a white blood corpuscle. 
They are of various sizes, according to the stage of 
ripeness. The smaller contain one, some of the larger 
contain two and three, nuclei The latter show more 
pronounced amoeboid movement than the small ones. 
A few red corpuscles are also met with. Granular 
and fatty matter is present in large quantities during 
and after digestion. 

In the frog (and also in other lower vertebrates, 
e.^., reptiles) there exist certain small vesicular lymph 
cavities, about an eighth of an inch in diameter, 
which show rhythmic pulsation ; they are called lymph 
Jiearta. On each side of the os coccygis and under- 
neath the skin is a pulsating posterior lymph heart. 
The anterior lymph heart is oval, and situated on 
each side of the processus transversus of the third 
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and fourth vertebraB; it is rather smaller than the 
posterior one. The lymph hearts have am efferent ves- 
sel, which is a vein, and from them the venous system 




Fig. 56.— Developing Lymph-capillaries in tue Tail of Tadpole, 
a. Solid nucleated protoplasmic branches not yet hollowed out. (Atlas.) 



of the neighbourhood can be easily injected, whereas 
the reverse is not possible. They are lined with an 
endothelium like the lymph sacs, and in their 
wall they possess plexuses of striped, branched, 
muscular fibres. The nerve fibres terminate in these 
striped muscular fibres in the same manner as in those 
of other localities. (Ranvier.) 
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120. Lymphatic vessels are developed and newly 
formed under normal and pathological conditions in 
precisely the same way as blood-vessels. The accom- 
panying woodcut (Fig. 56) shows this very well. We 
have also here to do with the hollowing out of (con- 
nective tissue) cells and their processes previously 
solid and protoplasmic. 



CHAPTER XII. 

FOLLICLES OR SIMPLE LYMPH-GLANDS. 

121. Under this name we include the blood- 
glands, or the conglobate gland substance of Hewson, 
His, and Henle, or the lymph-follicles (Kblliker, 
Huxley, Luschka). The ground-substance of all 
lymph-glands, simple as well as compound (see 
below), is the lymphatic or adenoid tissue^ or leuco- 
cytogenous tissue. Like all other gland-tissue, it is 
supplied with a rich network of capillaries derived 
from an afferent artery, and leading into efferent 
veins. 

122. The elements constituting this tissue are : — 

(a) T?ie adenoid reticulum (Fig. 57), a network 
of fine homogeneous fibrils, with numerous plate-like 
enlargements. 

(b) Small, transparent, Jlat, endotheloid cell-plates, 
each with an oval nucleus. These cell-plates are fixed 
on the reticulum, of which at first sight they seem 
to form part. Their oval nucleus especially appears 
to belong to a nodal point — t.e., to one of the 
enlargements of the reticulum; but by continued 
shaking of a section of any lymphatic tissue, the oval 
nuclei and their cell-plates can be got rid of, so that only 
the reticulum is left, without any trace of a nucleus. 
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(c) Li/mph-corpuscUs (X>mpletelj> fill the meshes 
of the adenoid reticulum. These can, however, 
be easUf shaken out. They are of different sizes ; 
aome — the young ones — are small cells, with a com- 
paratively 
large nucleus; 
others — the 
ripe ones — are 
larger, have a 
diatinet pro- 
toplasmic cell 
body, with one 
or two nuclei. 
They all show o 



boid move- * 
ment, but in 
the large ones 
it is much 

more pro- Fis. ST.—AdenoMBeticDlamaluikeiianti mo«t of 

nounced than ^^^^33™^ «» """«>■ ^""- ' 
m the small iThereticmtmi (..Mrtii«Tbi«>d-T««i. iauu.) 
ones. 

The capillary blood-vessels supplying the adenoid 
tissue receive a more or lees distinct special investment 
from the adenoid r^ticalum ; this is the capillary 
adventitia. 

123. The adenoid tissue occurs as: 

(I) Diffuse adenoid tissue, without any definite 
arrangement. This occurs in the subepithelml layer of 
the mucous membnote of the nasal foasse and trachea, 
in the mucous membrane of the falsa vocal cords uad 
the ventricle of the larynx, in the posterior part of 
the epiglottis, in the soft palate and tonsils, at the 
root of the tongue, in the pharynx, in the mucosa 
of the small and large intestine, including the villi 
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of the former ; and in the macoos membrane of the 
nasal cavity and vagina. 

(2) Cords, cylind^s, or patches of adenoid tissue ; 
in the omentum and pleura, and in the epleen (Mal- 
pighian corpuscles). 

(3) Lymph /oUicles, i.e,, oval or aphetical mosses 
more or less wdl defined ; in the tonsils, at the root 
of the tongue, in the upper part of the pharynx (phaiynx- 
tonsil), in the stomach, small and large intestine ; in 
the nasal mucous membrane, in the lai^ and small 
bronchi ; and in the spleen (Malpighian corpascles). 

124. The tonsils (Fig. 58) are masses of lymph folli- 
cles and diffuse adenoid tissue covered with a thin mucous 
membrane, which penetrates in the shape of longer or 



Fig. fiS.— Vcirti<»l Section tlirongh pBii: of the 1 
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shorter folds into the substance within. Numbers of 
mucus-secreting glands situated outside the layer of 
lymph follicles discharge their secretion into the pits 
(the crypts) between the folds. The free surface of the 
tonsils ODd the crypts is covered or lined with the 
same stratified epithelium that lines the oral cavity. 
Numbers of lymph corpuscles constantly, in the per- 
fectly normal condition, migrate through the epithe- 
lium on to the free surface, and are mixed with the 
secretions (mucus and saliva) of the oral cavity. The 
so-called mucous or salivary corpuscles of the saliva, 
^ken from the oral cavity, are such discharged lymph 
corpuscles. They become swollen up by the water of 
the saliva, and assume a spherical shape. They finally 
disintegHite. 

Similar relations, only on a smaller scale, obtain 
at the root of the tongue. 

The pharynx tonsil of Luschka, occurring in the 
upper part of the pharyux, is in all essential respects 
the same as the palatine tonsil. Owing to large parts 
of the mucous membrane of the upper portion of the 
pharynx being covered with ciliated columnar epithe- 
lium, some of the crypts in the pharynx tonsil are also 
lined with it. 

125. The lenticular g^IandjS of the stomach are 
single lymph-follicles. 

The solitary inlands of the small and large 
intestine are single lymph-follicles. 

The ag^minated inlands of the ileum are groups 
of lymph-follicles. The mucous membrane containing 
them is much thickened by their presence. These grou ps 
of follicles are called a Peyer^s patch or a Feyer^s gland. 

126. In most instances the capillary blood-vessels 
form in the lymph-follicles meshes, arranged in a more 
or less radiating manner from the periphery towards 
the centre ; around the periphery there is a network 
of small veins. A larger or smaller portion of the 
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circumference of the follicles of the tonsils, pharynx, 
intestine, bronchi, &c., is surrounded by a lymph 
sinus leading into a lymphatic vessel. The lymphatic 
vessels and lymph sinuses in the neighbourhood of lym- 
phatic follicles or of diffuse adenoid tissue are almost 
always found to contain numerous lymph corpuscles, 
thus indicating that these are produced by the adenoid 
tissue and absorbed by the lymphatics. 

127. The Thymus gland consists of a frame- 
work and the gland substance. The former is fibrous 
connective tissue arranged as an outer capsule, and 
in connection with it are septa and trabeculse passing 
into the gland and subdividing it into lobes and 
lobules, which latter are again subdivided into the 
follicles (Fig. 59a). The follicles are very irregular 
in shape, most of them being oblong or cylindrical 
streaks of adenoid tissue. Near the capsule they are 
well defined from one another, and present a poly- 
gonal outline ; farther inwards they are more or less 
fused. Each shows a central transparent medulla 
and a peripheral less transparent cortex (Watney). 
At the places where two follicles are fused with one 
another the medulla of both is continuous. The matrix 
is adenoid reticulum, the fibres of the medullary part 
being coarser aud shorter, those of the cortical portion 
of the follicle finer and longer. The meshes of the 
of the reticulum in the cortical part of the follicles are 
filled with the same lymph-corpuscles as occur in the 
adenoid tissue of other organs, but in .the medullarsr 
part they are fewer, and the meshes are more or less 
completely occupied by the enlarged but transparent 
endotheloid plates. These conditions cause the greater 
transparency of the medulla. In some places the 
endotheloid cells are granular, and include more than 
one nucleus ; some are even multinucleated giant cells. 

128. There occur in the medulla of the follicles, 
larger or smaller, more or less concentrically-arranged 
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nucleated protoplasmic cells, which are the etmcentria 
bodiea of Ha»gall (Fig. 59s). They are met with even 



Fi^. Ma.— Section throagh t;b< Thymiis Gland at a. Tistna. 

a. TOinot itHue MtwHi Ibe taUlclei : >, tbf daitiaJ porUoD oT tbc f oUtclea ( 

<, thfl mtdnJlftrr porlLon. 

in the early st^ea of the life of the ihymna, and 
caimbt therefore be connected with the involution of 
the gland, as maintfuned by AfanaEsief, according to 
whom the concentric cor- 
puscles are formed in 
blood-vessels which there- 
by become obliterated. 
According to Wataey 
they are concerned ia the 
formation of blood-vessels 
and connective tissue. 

The lymphatics of the 
interfollicular septa and trabecule always contain 
numbers of lymph corpuscles. The blood capillaries 
of the follicles are more richly distributed in Uie 
H — 1 



Pig. Bfla.— Two Conomtrio i 
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cortex than in the medulla, and they radiate from the 
periphery towards the central parts. 

129. After birth, the thymus begins to undergo 
degeneration, leading to the gradual disappearance 
of the greater portion of the gland, its place being 
taken by connective tissue and fat. But the time 
when the involution is completed varies within very 
wide limits. 

It is not unusual to find in persons of fifteen or 
twenty years of age an appreciable amount of thymus 
tissue. In some animals, e.g., guinea-pigs, the invo- 
lution of the gland even in the adult has not made 
much progress. In the thymus of the dog Watney 
found cysts lined with ciliated epithelial cells. 



CHAPTER XIII. 

COMPOUND LYMPHATIC GLANDS. 

130. Thb compound or true lymphatic glands are 
directly interpolated in the course of lymphatic vessels. 
Such are the mesenteric, portal, bronchial, splenic, 
sternal, cervical, cubital, popliteal, inguinal, lumbar, 
glands. Afierent lymphatic vessels anastomosing into 
a plexus open at one side (in the outer capsule) into 
the lymphatic gland, and at the other (the hilum) 
emerge from it as a plexus of efferent lymphatic tubes. 

131. Each true lymphatic gland is enveloped in a 
fibrous capsule which is connected with the interior and 

the hilum by trabecules and septa of connective tissue. 
The trabeculse having advanced a certain distance^ about 
one-third or one-foui'th, towards the centre, branch into 
minor trabeculse, which in the middle of the gland anasto- 
mose with one another so as to form a plexus with small 
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meshes. Thus the peripheral third or fourth of the 
gland ia subdivided by the septa and trabeculte, into 
relatively large Bpheri(»l or oblong compartments, while 
the middle portion is made np of relatively small cylin- 
drical or irre^larly-shaped compartments (Fig. 60). 
The former region is the cortex, the latter the meduMa of 
the gland. The compartments of the cortex anastomose 
with one another and with those of the medulla, and 
these latter also form one intercommunicating system. 
The fibrous capsule, the septa and trabecujce are 
the carriers of the vascular trunks ; the trabeculce 
consist ot fibrous connective tissue and of a certain 






amoant of non-striped muscular tissue, which is con- 
spicuous in some animals — e.g., pig, calf, rabbit, 
guinea-pig — but is scanty in man. 

Sometimes coarsely granular connective tissue cells 
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(plasma cells) are present in considerable numberB in 
the trabecube. 

132. The compartments contain masses of adenoid 
tiasue, without being completely filled with it; those 
of the cortex contain oval or spherical masses — (^ 
lytrvph /ollides of the cortex ; those of the medulla 
cylindrical or irregularly-shaped maases — ike medullary 
eylinders. The former anastomose with one another 
and with the latter, and the latter amongst them- 
selves, a. condition easily understood from what has 
been said above of the nature of the compartments 
containing these lymphatic structures. The folliclea 

and medullary 
cylinders consist 
of adenoid ti»»ae 
of exactly the 
same character as 
that described in 
the previous chap- 
ter. And this 
tissue also con- 
tains the last rami- 
fications of the 
blood-vessels, i.e., 
the last branches 
of the arteries, a 
rich network of 
capillary blood- 
vessels, and the 
first or smaller 
branches of the 

Fig. Sl.^From a Section thnnub a irnins TTia 

LympLatdo Qlan^. ^ .,, . , 

t. ThB ™jUr.«i«ni.: , wnic«i irrartirtnu.! Capillaries and 
B'oclS°°iidi™ti?B''tefficmOTit'?s'i (AUi*)" Other vessels re- 
ceive also here 
an adventitious envelope from the adenoid reticulnn^ 

133. The cortical follicles and the medullary 
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cfliodera do not completely fill out the compartmeDtB 
made for theni by l^e capsule and trabecule Teepec- 
tively, but a Bmajl peripheral zone of each compart- 
ment is left free ; this is a lym-phatic sirnig. In the 
iwrtex it b spoken of as a cortical (Fig. 61), in the 
medulla as a meduliarj/, lymph ginus (Fig. 62). The 



a Sacrtlon through the Uedulla at a, L^iiiphHtie 61u' 



former is b space between the outer surface of the 
cortical lymph follicle and the corresponding part of 
the capsule or cortical septum, the latter between the 
surface of a medullary cylinder and the trabeculWv 
From what has been said of the relation of the com- 
partments, it follows that the cortical and medullary 
lymph sinuses form one intercommunicating system. 
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These are not empty free spaces, but are filled with a 
coarse reticulum of fibres, much coarser than the ade- 
noid reticulum ; to it are attached large transparent 
cell plates — endotheloid plates. In some instances (as 
in the calf) these cell-plates of the medullary sinuses** 
contain brownish pigi^ent gnmules, which give to the 
medulla of the gland a dark brown aspect. In the 
meshes of the reticulum of the sinuses are contained 
lymph-corpuscles, the majority of which consist of a 
comparatively large protoplasmic body, and one or two 
nuclei ; they show lively amoeboid movement ; a few 
small lymph-corpuscles are also amongst them. 

The surface of the trabecul© facing the lymph 
sinuses is covered with a continuous layer of endothe- 
lium (von Kecklinghausen), and a similar endothelial 
membrane, but not so complete, can be made out on 
the surface of the cortical follicles and the medullary 
cylinders. The endotheloid plates, applied to the 
reticulum of the sinuses, are stretched out, as it were, 
between the endothelial membrane covering the sur- 
face of the trabeculse on the one hand and that 
covering the surface of the follicles and cylinders on 
the other. 

In the mesenteric glands of the pig the distribu- 
tion of cortical follicles and medullary cylinders is 
almost the reverse from that of other glands or in 
other animals. 

134. The afferent lymphatic vessels having entered 
the outer capsule of the gland, and having formed 
there a dense plexus, open directly into the cortical 
lymph sinuses. The medullary lymph sinuses lead 
into lymphatic vessels, which leave the gland at the 
hilum as the efferent vessels. 

Both afferent and efferent vessels are supplied 
with valves. 

135. The course of the lymph through a lymphatic 
gland is this — from the afferent vessels, situated in 
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the capsule, into the cortical lymph sinuses, from 
these into the medullary sinuses, and from these into 
the efferent lymphatics. Owing to the presence of 
the reticulum in the lymph-sinuses the current of the 
lymph will flow very slowly and with difficulty, as if 
through a spongy filter. Hence a large number of 
formed corpuscles, pigment, inflammatory or other 
elements, passing into the gland by the afferent vessels 
are easily arrested and deposited in the sinuses, and 
are there readily swallowed by the amoeboid corpuscles 
lying in the meshes. 

Passing a stream of water through the gland, the 
contents of the meshes of the reticulum of the sinuses — 
*.e., the lymph corpuscles — are of course the first things 
washed out (von Recklinghausen), and on continuing 
the stream some of the lymph corpuscles of the 
follicles and cylinders are also washed out. Hence it 
is probable also that by the normal stream of lymph 
passing through the gland, lymph corpuscles are 
drained, as it were, from the follicles and cylinders 
into the sinuses. The amcBboid movement of the lymph 
corpuscles, especially of the large and ripe ones, will 
greatly facilitate their passage from the follicles and 
cylinders into the lymph sinuses. 



CHAPTER XIY. 

NERVE-FIBRES. 

136. The nerve-fibres conduct impulses to or from 
the tissues and organs on the one hand, and the nerve- 
centres on the other, and accordingly we have to con- 
sider in each nerve-fibre the peripheral and central 
termination and the conducting part. The latter, i.6., 
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the nerve-fibres proper, in the cerebro-spinal nerves are 
grouped into bundles, and these again into anatomical 
nerTe-branches and nerve-trunks. Ea«h anatomical 
cerebro-spinal nerve consists, therefore, of bundles of 
nerve-fibres (Fig. 63). The general fltrooia by which 
these bundles are held togetier is fibrous connective 
tissue called the Epinewrium (Key and Eetzius) ; this 
epineurium is the carrier of the larger and amaller 
blood-vessels with which the nerve-trunk is supplied, 
of a plexus of lymphatics, of groups of fat-cells, and 
sometimes of numerous plasma cells. 

137, The nerve-bundles oifunictdi (Fig. 64) vary in 
size according to the number and size of the nerve-fibres 
they contain. They are well-defined by a sheath of their 



own, called perinewrium (Key and Retzius). This peri- 
neurium consists of bundles of fibrous connective tissue 
arranged in lamellse, every two lamellse being separated 
from one another by smaller or larger lymph spaces, 
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which form an intercommunicating system, and 
anastomose with the lymphatics of the epineurium 
whence they can be injected Between the lamellaa, 
and in the spaces, are situated flattened endotheloid 
connective tissue corpuscles. 

The nerve-bundles are either single or compound. 
In the former the nerve-flbres contaoned in a bundle 
are not sub-divided into groups, in the latter the 
bimdles are sub-divided by thicker and thinner septa 
of flbrous connective tissue connected with the peri- 
neurium. When a nerve-bundle divides — as when a 
trunk repeatedly branches, or when it enters on its peri- 
pheral distribution — each branch of the bundle receives 
a continuation of the lamellar perineurium. The more 
branches the perineurium has to supply, the more re- 
duced it becomes in thickness. In some of these minute 
branches the perineurium is reduced to a single layer 
of endothelial cells. When one of these small bundles 
breaks up into the single nerve-fibres, or into small 
groups of them, each of these has also a continuation 
of the fibrous tissue of the perineurium. In some 
places this perineural continuation is only a very 
delicate endothelial membrane, at others it is of 
considerable thickness, and still shows the laminated 
nature. Such thick sheaths of single nerve-fibres, 
or of small groups of them, represent what is called 
Uenle^s sheath, 

138. The nerve-fibres are held together within the 
bundle by connective tissue, called the Brbdoneurvum 
(Fig. 64). This is a homogeneous ground substance in 
which are embedded fine bundles of fibrous connective 
tissue, and connective tissue corpuscles, and capillary 
blood-vessels arranged so as to form a network with 
elongated meshes. Between the perineurium and the 
nerve-fibres are found here and there lymph spaces; 
similar spaces separate the individual nerve-fibres, and 
have been injected by Key and Hetzius. 
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When nerve-trunks anastomose so as to form a 
plexus — t.g., in the brachial, or sacral plexus — there 

occurs an exchange and re-arrangement of nerve- 
bundles in the branches. A similar condition obtains 
in the ganglia of the cerebro-spinal nerves. Herve- 



lon throuEh t. Nerre-bundle 

p, Tlie perlneTirlaai ^ 4, tbfl Andoneurluin Bft[iamiIDgtb«1Dedt11latPd n#rre-0T3r« 
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trunks and nerve-branches passing through a lymph 
cavity, such as the subdural spaces, or the sub- 
cuteneoua lymph sacs, or the cistcma lymphatica 
magna in the frog, receive from the serous membrane 
an outer endothelial covering. 

139. The ultimate nerve-fibres in the funiculi of 
the cerehro-apinal nerves, with the exception of the 
olfactory nerve, are medidlated nerve-Jibrea. These 
. are doubly contoured smooth cylindrical fibres, 
varying in diameter between -^-^i^ and ijotrrr •'^ *" 
inch. Within the same bundle of a nervo — e.g., of 
the brachial or sacral plexus-^there occur fibres which 
are several times thicker than others, and it is pro- 
bable that they are derived from different sources, 
Schwalbe has shown that the thickness of the nerve- 
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fibre stands in a certain relation to the distance of its 
periphery from the nerve-centre and to its functional 
activity. 

A medullated nerve-fibre in the fresh condition 
is a bright glistening cylinder, showing a dark 
double contour. Either spontaneously after death, 
or after re-agents — ^as water, salt solution, dilute 
acids — or after pressure and mechanical injury, the 
outline of the nerve-fibre becomes irregular ; smaller, 
or larger, glistening dark-bordered droplets and masses 
^appear and gradually become detached. These 
droplets and masses are derived from the fatty sub- 
stance constituting the medullary sheath or white 
substance of Schwann (see below). When a nerve- 
fibre within the bundle undergoes degeneration during 
life, either after section of the nerve or after other 
pathological changes, or in the natural course of its 
existence (S. Mayer), the medullary sheath breaks up 
into similar smaller or larger globules or particles, 
which gradually become absorbed. 

140. Each medullated nerve-fibre (Figs. 64a, 66) 
consists of the following parts : (a) the central axis 
cylinder. This is the essential part of the fibre, and is 
a cylindrical or bandlike, pale, transparent structure, 
which in certain localities (near the terminal distribu- 
tion, in the olfactory nerves, in the central nervous 
system), and especially after certain re-agents, shows 
itself composed of very fine homogeneous or more or 
less beaded fibrillae — the elementary or primitive Jibrillce 
(Max Schultze) — held together by a small amount of a 
faintly granular interstitial substance. The longitu- 
dinal striation of the axis cylinder is due to its being 
composed of primitive fibrillse. The thickness of the 
axis cylinder is in direct proportion to the thickness 
of the whole nerve-fibre. The axis cylinder is said 
to be enveloped in its own hyaline more or less elastic 
sheathy composed of neurokeratin. 
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141. (6) The medulla/ry sheath or white substance of 
Schwann is also called the medulla of the nerve-fibre. 
This is a glistening bright fatty substance surround- 
ing the axis cylinder, as an insulating hollow cylinder 
surrounds an electric wire. The medullary sheath 
gives to the nerve-fibre its double or dark contour. 
Between the axis cylinder and the medullary sheath 
there is a small amount of albuminous fluid 

which appears greatly increased 
when the former, owing to shrmk- 
ing, stands farther apart from the 
latter. 

142. (c) The sheath o/Schivann^ 
or the neurilemma^ closely surrounds 
the medullary sheath, and forms 
the outer boundary of the nerve- 
fibre. It is a delicate structure- 
less membrane. Here and there 
between the neurilemma and 'the 
medullary sheath, and situated in 
a depression of the latter, is an 
oblong nucleus, surrounded by a 
thin zone of protoplasm. These 
nucleated corpuscles are the nerve 
corpuscles (Fig. 64a), and are analo- 
gous to the muscle corpuscles, situ- 
ated between the sarcolemma and 
the striated muscular substance. 
They are not nearly so numerous as 
the muscle corpuscles. 

143. The neurilemma presents 
at certain definite intervals annular 

constrictions, the Tiodes or constrictions ofRanmer (Figs. 
64a, 65,66), and at these nodes of Kanvier the medullary 
sheath, but not the axis cylinder and its special sheath, 
is suddenly interrupted and sharply terminates. The 
portion of the nerve-fibre situated between two nodes is 




'■ 



FiK. 64A.— Two Nerve 
Fibres, showing the 
nodes or constric- 
tions of Ranvier and 
the axis cylinder. 
The medullary 
sheath has been dis* 
solved away. The 
deeply - stained ob- 
long nuclei Indicate 
the nerve corpuscles 
within the neuri- 
lemma. (Atlas.) 
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the irUemodal segment Each intemodal segment has 
generally one, ocoaaionally more than one, nerve 
corpuscle. The medul- 
lary cylinder of each in- 
temodal segment is mado S 
up of ft number of coni- 
cal sections (Fig. €6a) 
imbricated at their ends 
(Schmidt, Lantermann) 
(Fig. 66), and each such 



Fig. eti. — MedaUat«d Nerrc 
tlta stftining witli Nitnte 



Fig. 06.— HednU&tad Kene- 



ckey and R#tEEnL 



section is again meA^ up of 
a large number of rod-like 
Btnietnres (Fig. 67) placed 
Tcrtically on ^e axis cylin- 

These rods are, how- 
ever, connected into a net- 
work. The network itself 
ia very likely the neuro- 
keratin of Ewald and Ktihne, 
whereas the interstitial sob- 
stance of the network ia 
probably the fatty sub- 
stance leaving the nerve- 
fibre in the shape of droplets 
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when preB&ure or reagents are applied to the freah 

nerve-fibre, 

144. Medullated nerve-fibres v^hrni aiiy nevri- 

lemma, and consequently without any nodes of B^nTier, ■ 

with a thick more or less distinctly laminated medul- 
lary sheath, form the 
white substance of the 
brain and spinal cord. 
In these organs, in the 
hardened and fresh state, 

may be noticed, which 
show more or less regu- 
lar varicosities, owing to 
tt-y Elv?^ local accumulations of 

b,'S tti fluid between the axis 

cylinder and medullary 
sheath. These are called 

They occur also in the 

branches of the sympa- 
thetic nerva 

The nerve-fibres of 
A B c the optic and acotistio 

Fig. 67.— Hsdnilsted Noira-flbnB. nerve are medullated, 
*'rB^{oi«rB4*iiaSire S'th™ ijwiuiinrr ''"* Without any neuri- 
tE"«i> cSiJd'CT th^SSSfU.i^B'iiMtS l^nima ; varicose , fibres 
Sd? TOa'thrdlikSw^ru'rSm'''^ "^ common in them. 
om^hr-UoBrteMh. (AUu./ " 145. Medullated 

nerve-fibres occasionally 
in their course divide into two medullated fibres. Such 
, division is very common in medullated nerve-fibres 
supplying striped muscular fibres, especially at or near 
the point of entrance into the muscular fibres. (See 
below.) But also in other localities division of nerve- 
fibres may be met with. The electric nerve of the 
electric fishes {e.g., malapterurus, gyninotus, silurua) 
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shows such divisions to an extraordinary degree, 
one huge nerve-fibre dividing at once into a bundle of 
minor fibres. Division of a meduUated fibre takes 
place generally at a node of Ranvier. The branches 
taken together are generally thicker than the un- 
divided part of the fibre, but in structure they are iden- 
tical with the latter. 

146. When medullated nerve-fibres approach their 
peripheral termination, they change sooner or later, in 
so far as their medullary sheath suddenly ceases ; and 
now we have a nonrmedullated, or Remak's nerve- 
fibre. Each of these consists of an axis cylinder, a 
neuiilemma, and between the two a nucleated nerve 
corpuscle from place to place. N on-peduUated nerve- 
fibres always show the fibrillar nature of their 
axis cylinder. The olfactory nerve-branches are 
entirely made up of non-meduUated nerve-fibres. In 
the branches of the sympathetic most fibres are non- 
medullated. 

The non-meduUated fibres always undergo repeated 
divisions. They form plearuses, large fibres" branching 
into smaller ones, and these again joining (Fig. 68). 
Generally at the nodal points of these plexuses there are 
triangular nuclei, indicating the corpuscles of the 
neurilemma. 

147. Finally the non-meduUated nerve-fibres lose 
their neurilemma, and then we have simple axis 
cylinders. These branch and ultimately break up 
into their constituent primitive nerve-fibrilloBy which 
occasionally show regular varicosities (Fig. 69). 
Of course, of a neurilemma or the nuclei of the 
nerve corpuscles there is nothing left. These 
primitive fibrillse branch and anastomose with one 
another, and thus form a network. The density 
of this network depends on the number of primitive 
fibrils and the richness of their branching. These 
primitive fibrils and their networks form the 
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peripheral termination, and this mode of termination 
occurs in the nerve-fibres of common sensation, as in 
many of the nerve-fibres of the skin, cornea, and 




Pig. 68.— Plexus of Fine Non-medullated Nerve-fibres of the Cornea. 

a, A thick non-medullated nenre-flbre ; h, a fine one ; e, d, elementary fibrils, 

anastomosing into a network. 

mucous membranes. In all these cases the peripheral 
termination, i.e., the primitive fibrils and their networks 
are intraepithelial (Fig. 70), t.e., they are situated in 
the stratum Malpighii of the epidermis, in the epithe- 
lial parts of the hair follicle, in the anterior epithelium 
oi the cornea, and in the epithelium of the mucous 
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membranes, The pritnitive nerve-fibrils lie in the 

iuteratitiaJ substance between the epitheliaJ cells, aa 




Fig-. W.— NcrtA-fibrM of the Cotiub. 
ler ipliieiu nn tnio lu connLtueDl nrlnilUTI 
HarildUMaainoriluicornH; », plUlllvs DW 



intra-epithelial networks and aa primitiTe fibrils which 
appear to terminate with iree ends. 

1 48. Tracing then a nerve-fibre, say one of common 
sensation, from the periphery towards the centre, we 
have isolated primitive JibrUa or networks of them j 
I— 1 
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they form by association simpU axis cylinderB, which 
vary in thickness according to the number of their 
constituent primitive fibrils. These simple ajds cylin- 



Tit, 70>— lutnwitlLslial Nerre'teniiioatdon In Qie Atit«tiar E^tbellnnt 

of tJia ConMi, u sean in in oblique wotdoD. 
a. Ad axil rjllDder ; A. ialnepithtllHl nerr&QbrlllA ; F,lDti»vpithe1iB]iwtwork; 

ders form plexuses. By association they make larger 
axis cylinders, and these becoming invested with a 
neurilemma, and with the nuclei of nerve corpuscles, 
form nonrmeduUated nerve-Jibres. These also form 
plexuses. Lastly, a medullary sheath makes ita ap- 
pearance between the neunlemma and the axis 
cylinder, and thus forms a medvMaUd nerve-JHre. 
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CHAPTER XV. 

PERIPHERAL NERVE-ENDINGS. 

149. In the preceding chapter the termination of 
the nerves of common sensation, as isolated primitive 
fibrillse, and as networks of these, has been described 
in the epithelium of the skin and mucous mem- 
branes, and in the anterior epithelium of the cornea. 
Besides these there are other special terminal organs 
of sensory nerves, probably concerned in the per- 
ception of some special quality or quantity of sensory 
impulses. They are all connected with a medullated 
nerve-fibre, and are situated, not in the epithelium 
of the surface, but in the tissue, at greater or 
lesser depth. Such are the corpuscles of Pacini and 
Herbst, the end-bulbs of Krause in the tongue and 
conjunctiva, the genital end-corpuscles or end-bulbs 
in the external genital organs, the corpuscles of 
Meissner, or tactile corpuscles, in the papillse of the 
skin of the volar side of the fingers, the touch-cells of 
Merkel in the beak and tongue of the duck. 

150. The Pacinian corpuscles. — These are 
also called Vater's corpuscles. They occur in large 
numbers on the subcutaneous nerve-fibres of the palm 
of the hand and foot of man, in the mesentery of the 
cat, along the tibia of the rabbit, in the genital organs 
of man (corpora cavernosa, prostate). Each corpuscle 
is oval, more or less pointed, and in some places 
(palm of the human hand, mesentery of the cat) 
easily perceptible to the unaided eye, the largest 
being about -^th of an inch long and -jV*^ ^^ ^^ 
inch broad ; in other places they are of microscopic 
size. Each possesses a stalk, to which it is attached. 



n6 Elements of Histology. [Chip. xv. 

and vhich consists of a single medullated nsrve-Jibre 
(Pig. 71), differing from an ordinary medullated 
nerve-fibre merely in the fact that outside its 
neurilemma there is pre- 
sent a thick laminated 
connective tissue aheath. 
This is the sheath of 
HenJe — continuoua with 
the perineural sheath of 
the nerve branch with 
which the nerve-fibre is in 
connection. This medul- 
lated nerve-fibre within its 
sheath possesses generally 
a very wavy outline. The 
corpuscle itself is com- 
posed of a large number of 
iamelhe, or capsules, more 
or less concentrically ar- 
ranged around a central 
elongated or i^Undrical 
clear gpace. This space 
Fig, 71,— A Puciuian Conrasole, contains in its axis from 
frgin tiie MeeenMirif oi tie Cat! j^g proximal end, i.e., the 
.. Theiu^dun»tcd_nerv^Bb«^s. ihB ^jj^ nearest to the st«3k,to 
near the opposite or distal 
end, a continuation of the nerve-fibre in the shape 
of a gimple oieis cylinder. But this axis cylinder 
does not fill out the central space, since there is 
all round it a space left filled with a transparent 
substance, in which, in some insbances, rows of sphe- 
rical nuidei may be perceived along the margin of 
the axis cylinder. At or near the distal end of the 
central space ilie aseig cylinder dividee in two or 
more brcmcltes, and these terminate in pear-shaped, 
oblong, spherical, or irregularly -eliaped granular- 
looking enlargemenU, 
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151. The concentric capsules forming the corpuscle 
itself are disposed in a different manner at the periphery 
and near the central space from that in which they 
are disposed in the middle parts, viz., in the former 
localities they are much closer together, being thinner 
than in the latter. On looking, therefore, at a 
Pacinian corpuscle in its longitudinal axis, or in cross 
section, we always notice the striation (indicating the 
capsules) to be closer in the former than in the latter 
plaqes. Each capsule consists of — (a) a hyaline, pro- 
bably elastic, ground substance^ in which are embedded 
here and there (6) fine bundles of connective tissue 
fibres; (c) on the inner surface of each capsule, i.e,^ 
the one directed to the central axis of the Pacinian 
corpuscle, is a single layer of nucleated endothelial 
plates. The oblong nuclei visible on the capsules at 
ordinary inspection are the nuclei of these endothelial 
plates. There is no fluid between the capsules, but 
these are in contact with one another (Huxley), 
Neighbouring capsules are occasionally connected with 
one another by thin fibres. 

152. In order to reach the central space of the 
corpuscle, the meduUated nerve-fibre has to perforate 
the capsule at one pole; thus a canal is formed 
in which is situated the meduUated nerve-fibre, 
and as such, and in a very wavy condition, it reaches 
the proximal end of the central space. This 
part of the nerve-fibre may be called the interme- 
diate part. The lamelliae of the sheath of Henle 
pass directly into the peripheral capsules of the 
corpuscle. 

Immediately before entering the central space, 
the nerve-fibre divests itself of all parts except the 
axis cylinder, which, as stated above, passes into 
the central space of the Pacinian corpuscle. In some 
cases a minute artery enters the corpuscle at the 
pole, opposite to the nerve-fibre ; it penetrates the 
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periplieral capsules, aad supplies them with a few 

capillary vessels. 

153. The corpuscles of Herbst are similar to 

the Pacinian corpuscles, with this difference, that they 

are smaller and more elongated, that the axis cylinder 
of the central space is bordered by 
a continuous row of nuclei, and 
that the capsules are thinner and 
more closely placed (Fig. 72), 
This applies especially to those 
near the central space, and here 
between these central capsules we 
miss the nuclei indicating the en- 
dothelial plates. Such is the nature 
of Herbst 'a corpuscles in the mucous 
membrane of the tongue of the 
duck, and to a certain degree also 
in those of the rabbit, and in 
tendons. 

154. The tactile corpus- 
cles, or corpuscles of Dleiss. 
ner, occur in the papillse of the 
corium of the volar side of the fin- 
gers and toes in man and iu apes ; 

Fie. 73, — A HerbBi'a they are oblong, straight, or 
CorpoMie, rrom tiw slightlv folded. In man they are 

1 ThP medullsled nerve- abOut -jlljtO yjj[ of an inch long, 

ai.«eut.ww. and s^ to ^^ "f an inch 

broad. They ai-e connected 
with a meduUated nerve fibre — generally one, occa- 
sionally, but rarely, two— with a sheath of Henle. 
The nerve-fibre enters the corpuscle, but usually 
before doing so it winds round the corpuscle as a 
medullated fibre once or twice or oftener, and its 
Henle's sheath becomes fused with the fibrous capsule 
or sheath of the tactile corpuscle. The nerve-fibre 
ultimately loses its medullary sheath and penetrates 
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iiito the interior of the corpuscle, where the axis 
cylinder branches ; its br&udkes re- 
tain a coiled course all along the 
tactile corpuscle (Fig. 73), anastomose 
with one another, and terminate in 
slight enlargements, pear-«baped or ' 

cylindrical. These enlargements, ac- 
cording to Merkel, are touch cells. 
The matrix, or main part of the 
tactile corpuscle consists, besides the 
fibrous sheath with nuclei and numer- j 

0U8 elastic fibres, of fine bundles of 
connective tissue, and of a number —^ 

of nucleated small cells. i%- TS.-A ,TMtii« 

155. The end-bnlbe <|f ^^^|^ 
KraMse.— These occur in the. con- thsHmnrnHMd. 
junctiva of the calf and of man, and ^^SSc 
are oblong or cylindrical minute cor- w 
puscles situated in the deeper layers of 

the conjunctiva, 
near the corneal 
margin. A medul- 
lated nerve - fibre, 
with Henie's sheath, 
enters the coipuscle 
(Fig. 74). This 



cleated capsule, and 
is a more or less 
laminated (In man 
more granular- 
looking) structure, 
numerous nuclei be- 
ing scatt«red be- 
tween the laminie. 
Of the nerve-fibre, 
as a rule, only the 
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axis cylinder is prolonged into the interior of the 
oorpuscla Occaaionftlly the medullated uerve-fibre 
passes, as such, into the corpuscle, being at the 
same time more or less convoluted. Having passed 
to near the distal extremity, it branches, and termi- 
nates with small enlargements (Krause, Longworth, 
Merkel, Key and Retzius). 

The end-&alb» in the genital organs, or the genital 
coTpiteelea of Krame, are similar in structure to the 
simple end-biilbs. They occur in the tissue of the 
cutis and mucous membrane of the penis, clitoris, and 
vagina. 

1S6. The coipDscles of Orandrr or tovch- 
corpitschs of Merkel, in the tissue of the papilla in the 
beak and tongue of birds, are oval or spherical cor- 
puscles of minute size, possessed of a very delicate 




Fig. TS.— CorpiuolH ol Qrtuidr; in tbe Toucoe of Dnck. 
At^Hdol three «IIh; B.comTinKdDf twoeelli| o, ilinwiiiff tb« it 



nucleated membrane as a capsule, and consisting of a 
series (two, three, four, or more) of large, slightly- 
flattened, granular-looking, transparent cells, each with 
a spherical nucleus, and arranged in a vertical row (Fig. 
75). A medullated nerve-fibre enters the corpuscle from 
one side, and losing its medullary sheath, the axis cy- 
linder branches, and its branchlets terminate, according 
to some (Merkel, Henle), in the cells of the corpusde 
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(touch-cells of Merkel) ; according to others (Key and 
Retzius, R-anvier, Hesse, Izquierdo), in the trans- 
parent substance between the touch-cells, thus form- 
ing the * disc tactil ' of Ranvier or the Tastplatte of 
Hesse. Neither theory seems to me to answer to the 
facts of the case, since I find that the branchlets of 
the axis cylinder terminate, not in the touch-cells, nor 
as the disc tactil, but with minute swellings in the 
interstitial substance between the touch-cells, in a 
manner very similar to what is the case in the con- 
junctival end bulbs. According to Merkel, single or 
small groups of touch-cells occur in the tissue of the 
papillae, and also in the epithelium,^ in the skin of 
man and mammals. 

1 57. In articulations — e.^., the knee-joint of the 
rabbit — Nicoladoni described numerous nerve branches, 
from which fine nerve-fibres are given ofi". Some of 
these terminate in a network, others on blood-vessels, 
and a third group enter Pacinian corpuscles. Krause 
described in the synovial membranes of the joints of 
the human fingers medullated nerve-fibres which end 
in peculiar tactile corpuscles, called by him " articular 
nerve-corpuscles. " 

158. The nerve branclies supplying non- 
striped muscular tissue are derived from the 
sympathetic system. They are composed of non- 
medullated fibres, and the branches are invested in 
an endothelial sheath (perineurium). The branches 
divide into single or small groups of axis cylinders, 
which reunite into a plexus — the ground plexus of 
Arnold, Small fibres coming off from the plexus 
supply the individual bundles of non-striped muscle 
cells, and they form a plexus called the intermediary 
pleocua (Fig. 76). The fibres joining this plexus are 
smaller or larger bundles of primitive fibril Ise ; in 
the nodes or the points of meeting of these fibres 
are found angular nuclei. From the intermediate 
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plexus pass off isolated or small groups of primitive 
fibrilbe, vhich pursue their course in the interstitial 
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In many localities there are isolated ganglion oelU 
in connection with the iuterniU3CuIa.r fibres. 

159, The nerves of blood-vessels are derived 
from the sympathetic, and they terminate in arteries 
and veins in essentially the same way as in non- 
striped muscular tissue, being chiefly present in tiiose 
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parts (media) which contain the non-striped muscular 
tissue. But there are also fine non-meduUated nerve 
fibrea, which accompany capillary vessels — capillary 
arteries and capillary veins — -and in some places they 
give off elementary fibrils, which, forma network around 
the vessel (Fig. 77). In some localities the vascular 
. nerve branches are provided with small groups of 
ganglion cells. 

160. In striped nrasde of man and mammals, 
reptiles, and insects, the termination of nerve fibres 
takes place, according to the commonly accepted view 
of Kiihne, in the following manner : — A medullatcd 
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nerve-fibre, generally derived from one that has 
divided, enters at almost a right angle a striped 
muscular fibre, the ueutilemma becoming fused with 



Fig. 7S.— From *■ PrepuktlDn of Stripa] MiuodIiu- Flbna of the Snake, 
Bhswing ths Mraiinatiaii of the ^eduUsted fierrs-flbrei. (After 
a preparation of Hr. A. Llaganl.) 

the garoolerama, and the nerve-fibre, either at the 
point of entrance or soon after loses its medullary 
sheath, so that only the aicis cylindef passes on. 
This latter divides simultaneously into a number of 
smaller fibres, which soon break up into a network of 
fine fibrils, thia ultimate network being embedded in a 
more or less granular-looking plate, provided with 
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a number of oblong nuclei (Fig. 78). The whole struc- 
ture is called the nertw endplate. When the muscular 
tibre contracts this endplate naturally aasumea the 
shape of a prominence — Doyfere'a nerve-hillock. Each 
muscular tibre has at least one nerve endplate, but 
occasionaOy .has several in ne-ar proximity. An 
endplate is generally supplied by one, sometimes, 
however, by two, nerve-fibres. The contraction 
wave generally starte from the endplate. In 
Batrachia the nerve-fibre does not, as a rule, termi- 
nate in the shape of a granular endplate, bnt 
having penetrated the sarcolemma ramifies into 
several axis cylinders, each of which again branches ; 
all branches have a more or less longitudinal 
direction, and are provided, either terminally or in 



Fig. 79.— TeFsiiiiBtlcin al Uedallated Iferre-abree <n Taudoa. near tb« 



their course, 'with oblong nuclei Arndt has 
shown that both kinds of terminations occur in 
Batrachia. These tvo sorts of nerve endings lie 
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underneath the sarcolemma and on the surface of the 
muscular substance proper. But beaideB this intra- 
muscular termination, there is a plexus of nerve-fibres, 
which ia situated outside the sarcolemma — i.e., inter- 
muscular ; this 
has been seen by 
Beale, Kolliker, 
Kraase, and 
others, Amdt 
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■^ termuscular fibres 

as sensory nerves. 

161. Tendons 

are supplied with 
special nerve end- 
inss, studied by 

9 flgura, mora highly OMhs, Kollett, 
magnified. Gempt, Rauber, 

., The medulLit^^em B^|^^ the retlcnlited gj^J paxticuUrty 

Golgi, whose work 
on this subject is very minute. These terminations are 
most numerous near the muscular insertion. They 




are of the following tinds : — (a) A n 
fibre branches repeatedly, and the axis cylinder breaks 
up into a small plate composed of a network of fine 
primitive nerve-fibrils (Fig. 79). (6) This network is 
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oocasionaUy embedded in a granular-looking material, 
and thereby a similar organ as the nerve endplate of 
muscular fibres is produced (Fig. 80). (c) A medul- 
lated nerve-fibre terminates in an end-bulb (Fig. 81)^ 
similar to those of the conjunctiva, or of a Herbst's 
oorpu8cl& 



CHAPTER XVI. 

THE SPIKAL OORD. 

162. The spinal cord is enveloped in three distinct 
membranes. The outermost one is the dura mater. 
This is composed of more or less distinct lamellae of 
fibrous connective tissue with the flattened connective 
tissue cells and networks of elastic fibres. The outer 
and inner surface of the dura mater is covered with 
a layer of endothelial plates. 

163. Next to the dura mater is the arachnoid 
membrane. This also consists of bundles of fibrous 
connective tissua The outer surface is smooth and 
covered with an endothelial membrane facing the 
space existing between it and the inner surface of the 
dura mater ; this space is the sub-dural lymph space. 
The inner surface of the arachnoidea is a fenestrated 
membrane of trabeculsB of fibrous connective tissue, 
covered on its free surface — 1.6., the one facing the 
sub-arachnoidal lymph space — with an endothelium. ■ 

164. The innermost membrane is the pia mater. 
Its matrix is fibrous connective tissue, and it is lined 
on both surfaces with an endothelial membrane. 
Between the arachnoid and pia mater extends, from 
the fenestrated portion of the former, a spongy plexus 
of trabeculsB of fibrous tissue, the surfaces of the 
trabeculsB being covered with endothelium. By this 
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spongy tissue — ^the avb-ara^hnoid tissue (Key and 
Retzius) — the sub-arachnoid space is subdivided into 
a labyrinth of areolae. On each side of the cord, 
between the anterior and posterior nerve roots, 
extends a spongy fibrous tissue^ called ligamentum 
denticidatum, between the arachnoidea and pia. By 
it the sub-arachnoidal space is subdivided into an 
anterior and posterior division. 

165. The sub-dural and sub-arachnoidal spaces do 
not communicate with one another (Luschka, Key 
and Retzius). 

The dura mater, as well as the arachnoid, sends 
prolongations on to the nerve roots; and the sub- 
dural and sub-arachnoidal spaces are continued into 
lymphatics of the peripheral nerves. 

All three membranes contain their own system of 
blood-vessels and nerve-fibres. 

166. The cord itself (Fig. 82) consists of an outer 
or cortical part composed of medullated nerve-fibres : 
the white matter, and an inner core of grey matter. 
On a transverse section through the cord the 
contrast of colour between the white mantle and 
the grey core is very conspicuous. The relation 
between the white and grey matter differs in diffe- 
rent parts; it gradually increases in favour of the 
former as we ascend from the lumbar to the upper 
cervical portion. The grey matter presents in every 
transverse section through the cord more or less the 
shape of a capital H; the projections being the 
anterior and posterior Iioms or comua of grey 
matter, and the cross-stroke being the grey com- 
missure, 'In the centre of this grey commissure 
is a cylindrical canal lined with a layer of columnar 
epithelial cells; this is the central canal; the part 
of the grey commissure in front of this canal is 
the anterior, the rest the posterior, grey commissure. 
The shape of the whole figure of the grey matter 
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differs in the different regiona, and this difference 
is chiefly brought about by the length and thickness 
of the grey commisaure. In a section through the 
cervical region the grey commissure is thick and 
short; in the dorsal region it becomes thinner and 
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longer ; tod in the lumbar region it is comparatively 
very thin and long. Besides this, of coHi'se the relative 
proportions of grey and white taatter, as mentioned 
before, indicate the region from Which the particular 
part of the cord has been obtained. In the lower 
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cervical and lumbar regions where the nerves of the 
brachial and sacral plexus respectively join the cord, 
this latter possesses a swelling, and the grey matter 
is there increased in amount, the swelling being in 
fact due to an accumulation of grey matter, in. which 
an additional number of nerve-fibres originates ; but 
the general shape of the grey matter is retained. 

167. The comua of the grey matter are generally 
thicker near the grey commissure; they become thinned 
out into anterior and posterior edges respectively, 
which are so placed that they point towards the 
antero-lateral and postero-lateral fissures. The an- 
terior horns are generally thicker and shorter than 
the posterior ones, and, therefore, the latter reach 
nearer to the suface than the former. 

168. The white matter is composed chiefly of 
medullated nerve fibres running a longitudinal coursa 
They are arranged into columns, ova anterior, one 
lateral, and one posterior column for each lateral 
Ivalf of the cord ; the two halves being separated by 
the anterior and posterior median longitudinal 
fisswre. The anterior median fissure is a real fissure 

extending in a vertical direction from the surface of 
the cord to near the anterior grey commissure. It 
contains a prolongation of the pia mater and in it 
large vascular trunks. The posterior fissure is not 
in reality a space, but is filled up by neuroglia. It 
extends as a continuous mass of neuroglia in a vertical 
direction from the posterior surface of the cord to the 
posterior grey commissure. The exit of the anterior 
or motor nerve roots, and the entrance of the posterior 
or sensitive nerve roots are indicated by the anterior 
lateral and posterior lateral fissures respectively. 
These are not real fissures in the same sense aa the 
anterior median fissure, but correspond more to the 
posterior median fissure, being in reality filled up with 
neuroglia tissue, into which extends a continuation 
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from the pia mater with large vascular trunks. The 
white matter between the anterior median and ante- 
rior lateral fisaure is the anterior column, that between 
the anterior lateral and posterior lateral fissure is the 
lateral columii, and that between the posterior lateral 
and posterior median fissure is the posterior column. 
169. Beside the septa situated in the two lateral 
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fissures respectively, there are other smaller septa, 
Neuroglia and prolongations of the pia mater, which 
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pass in a vertical and radiating direction into the 
white matter of the columns, and they are thus 
subdivided into a number of smaller portions ; one 
such big septum is sometimes found corresponding to 
the middle of the circumference of one half of the 
cord. This is the median lateral fissure, and the 
lateral column is subdivided by it into an anterior 
and posterior division. 

Similarly, the anterior and posterior columns may 
be subdivided into a median and lateral division 
(Fig. 83). . 

170. Some of these various subdivisions bear 
definite names (Tiirk, Charcot, Goll, Flechsig) : — 

(a) The median division of the anterior column is 
called the direct or uncrossed pyramidal fasciculus, 
being a conlinuAtion of that part of the anterior 
|)yramidal tract of the medulla oblongata (see below) 
that does hot dectissate-. 

(6) The anterior division of the lateral column is 
called the anterior root-zone. 

(c) The direct cerebellar fasciculus is the peri- 
|)heral portion of the postefo-lateral column ; it is a 
direct continuation of the white matter, of the cere- 
bellum. 

(d) The posterior division of the lateral column 
inside the cerebellar fasciculus is called the fasciculus 
of Tiirk, or the crossed portion of the pyramidal fasci- 
cuius, it being a continuation of the decussated part of 
the anterior pyramidal tract of the medulla oblongata. 

(e) The lateral division of the posterior column, 
with the exception of a small peripheral zone, is the 
cuneiform or cuneate fasciculus, or posterior root- 
Eone. 

(/) The median division of the posterior column 
is called the fasciculus of GolL This part is connected 
directly with the median bundle of the posterior nerve 
roots. (See below.) 
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These varioua divisions can be traced from tlie 
meduUata oblongata into tbe cervical, and more or 
less into tbe dorsal part of the cord, but farther down 
most of them are lost as separate tracts, except the 
faBciculuB of Tiirk. 

171. The ground substance (Fig. 84) of both 
the white and grey matter — i.e., tbe stroma ia 
which nerve-fibres, 
nerve cells, and blood- 
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M Matter 1^ 
. HpeclAl peripbeni c« 



. is a peculiar kind of con- 
nective tissue, which 
is called by Vircbow 
neitrogtia and by Kijl- 
liter supporting tissue. 
It consists of three dii" 
ferent kinds of elc 
ments : (a) a homogt 
neous traoBpai-ent sem 
fluid matrix, which in 
hardened sections ap- 
pears more or leas gran- 
ular; (b) a network of 
very delicate fibrils — nev/roglia JUyrils — which are 
eimilar in sonje respects, but not quite identical with 
elaatie fibres. In the columns of tbe white matter 
the fibrils extend chiefly in a longitudinal direction, 
in the grey matter they extend unifonuly in all 
directions, and in the septa between the columns they 
extend for the most part radially. 

(c) Small branched nucleated cells intimately 
woven into tbe network of neuroglia fibrils. These 
cells are tbe neuroglia cells. The greater the amount 
of neuroglia in a particular part of the white or 
grey matter the more numerous are these three 



172. In both the white and grey matter the 
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neuroglia has a very unequal distribution ; but there 
are certain definite places in which there is always a 
considerable amount — a condensation, as it were, of 
neuroglia tissue. These places are : underneath the 
pia mater — i,e.^ on the outer surface of the white 
matter — there most of the neuroglia fibrils have a 
horizontal direction ; near the grey matter there is 
a greater amount of neuroglia between the nerve- 
fibres of the white matter than in the middle parts of 
this latter ; in the septa between the columns and 
between the divisions of columns of white matter ; at 
the exit of the anterior and the entrance of the 
posterior nerve roots. 

A considei'able accumulation of. neuroglia is 
present immediately around the epithelium lining the 
central canal ; this mass is cylindrical, and is called 
the central grey nucleus of KoUiker. The epithelial 
cells lining the central canal are conical, their bases 
facing the canal, their pointed extremity being drawn 
out into a fine filament intimately interwoven with 
the network of neuroglia fibrils. In the embryo and 
young state, the free base of the epithelial cells has a 
bundle of cilia, but in the adult they are lost. 

Another considerable accumulation of neuroglia 
exists near the end of the posterior grey horns, as the 
substantia gelatinoaa of Kolando. 

173. The white matter (Fig. 85) is composed, 
besides neuroglia, of meduUated nerve-fibres varying 
very much in diameter, and forming the essential and 
chief part of it. They possess an axis cylinder and 
a thick medullary sheath more or less laminated, 
but are devoid of a neurilemma and its corpuscles. 
Of course, no nodes of Ranvier are observable. In 
specimens of white matter of the posterior columns, 
where the nerve-fibres have been isolated by teasing 
or otherwise, many fine meduUated fibres are met 
with which show the varicose appearance mentioned 
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in a former chapter. The medullated nerve-fibres, 
or rather the matrix of their medullary sheath, con- 
tains neurokeratin. The nerve-fihrea of the white 
matter run chiefly 
in a longitudinal. 
direction, and they 
are separated from 
one another by the 
neuroglia. Here and 
thene in the columns 
of white matter are 
seen connectiTe tis- 
sue septa with ves- 
sels, by which the 
nerve - fibres 1 
^ouped more 
less distinctly m ^JJS8^e™<™e^^cn'^™jo™MMrTfr 

UivisiOliB. bnumiied neDTOflM Mill. <Atl&L) 

174. Although 
most of the nerve-fihres constitnting the columns of 
white matter are of a longitudinal direction— i.e., 
passing upwards or downwards between the grey 
matter of the cord on the one hand, and the brain and 
medulla oblongata on the other — there are nevertheless 
a good many nerve-fibres and groups of nerve-fibres 
which have an oblique or even horizontal course. 

Thus : (1) The anterior median fissure does not reach 
the anterior grey commissure, for between its bottom 
and the latter there is the white commissure. This 
consists of bundles of medullated nerve-fibres passing 
in a horizontal or slightly oblique manner between the 
grey matter of the anterior horn of one side, and the 
anterior white column of the opposite aide (Fig. 82,^). 

(2) Numerooa medullated fibres are derived from 
the grey matter, and they pass in a horizontal or 
oblique direction into the white matter, especially in 
considerable numbers into that of the lateral columns. 
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Having entered the white matter, they take a longitu- 
dinal direction. Most of these fibres enter the white 
matter in the septa and septula, by which the nerve- 
fibres of the white matter of the columns are sub- 
divided, and having passed in a horizontal direction 
in the septa and septula, some for a shorter, others 
for a longer distance, they enter the columns and 
pursue a longitudinal course. 

175. (3) The meduUated nerve-fibres which leave 
the cord by the amierior nerve roots are comparatively 
thick fibres, whick pass out of the anterior portion of 
the grey matter of the anterior horns in bundles; 
they pass through the white matter in an oblique 
direction by septa, and emerge in the anterior lateral 
fissure above mentioned ^ 

(4) The medullated nerve-fibres entering the cord 
by the posterior nerve roots are thinner than those of 
the anterior nerve roots ; they pass into the cord by 
the posterior lateral fissure. Having entered, they 
divide into two bundles, one median and another 
lateral The fibres of the former pass in an oblique 
direction into the white matter of the posterior 
columns — the cuneiform fasciculus (see above) ; — and, 
having run in these in a longitudinal direction, again 
leave them, sooner or later, and enter, in a horizontal 
or slightly oblique direction, the grey matter of the 
posterior horns. The fibres of the lateral bundle, 
on the other hand, pass directly from the posterior 
nerve root into the hindmost portion of the grey 
matter of the posterior horn. The nerve-fibres of 
the posterior roots entering the grey matter divide 
repeatedly, and show very markedly the varicose 
appearance. 

176. The grey matter consists, besides the 
uniform network of neuroglia fibres and neuroglia 
cells, of nerve-fibres and of nerve-cells, or ganglion cells. 

The nerve-fibres are of three kinds — medullated 
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fibres, simple axis cylinders of various sizes, and primi- 
tive nerve-fibrillae. 

The medullated nerve-fibres run a more or less 
horizontal course, and they belong to different 
sources : — 

(1) Medullated nerve-fibres connected directly — 
t.c., by the axis cylinder process (see below) — rmth 
ganglion cells of il\s anterior horns ; they leave the 
anterior horns by the septa and septula, and they 
form the anterior nerve roots. 

(2) Medullated nerve-fibres which form the an- 
terior white commissti/re ; they are traceable from the 
anterior column of one side into the grey matter of 
the anterior horns of the opposite side, as has been 
mentioned above; some of these, at any rate, are 
distinctly and directly traceable to ganglion cells. 

(3) Medullated nerve -fibres derived indirectly 
from the median bundle of the posterior nerve root — 
i.e., coming out of the cuneiform fasciculus of the 
posterior column and medullated nerve-fibres derived 
directly from, ths lateral bv/ndle of the posterior nerve- 
root Both these sets of nerve-fibres can be traced 
for longer or shorter distances in the grey matter of 
the posterior horns; on their way they undergo 
numerous divisions into very fine medullated fibres. 

(4) Medullated nerve-fibres passing from tlie grey 
inatter into the white matter of tJie lateral column. Some 
of these are nerve-fibres that pass simply through the 
grey matter of the anterior horns from an anterior 
nerve root ; others are derived directly from ganglion 
cells forming the columns of Clarke in the dorsal 
region (see below). But the majority are derived from 
that part of the grey matter intermediate between the 
anterior and posterior horn. 

177. Tlie simple axis cylinders are found very 
numerously in the grey matter of all parts; they 
are of various sizes, and run in all directions, many 
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of them, especially the larger ones, are only the first 
part of the meduUated nerve-fibres, being the axis 
cylinder process of a ganglion cell, which process, 
after a shorter or longer course in the grey matter, 
becomes ensheathed in a medullary sheath, and 
forms one of the medullated fibres. But there are 
also numerous fine axis cylinders, which are the 
last outrunners of the nerve-fibres entering the grey 
matter by the posterior roots. They are seen every- 
where, isolated and Tv/nning in smaller or larger 
bundles, 

178. The primitive nerve fibriUos form the greater 
part of the grey matter ; in fact the matrix of the 
grey matter of all parts is composed, besides the 
network of neuroglia fibrils, of an exceedingly fine 
and dense network of primitive fhrillcB (Grerlach). 
These are the groundwork into which pass, and from 
which originate, nerve-fibres. The nerve-fibres which 
are derived from the posterior roots having entered 
the grey matter of the posterior horn undergo 
repeated divisions, and ultimately become connected 
with this network of primitive fibrillse.- Numerous 
nerve-fibres take their origin in the same net- 
work, and leave the grey matter as medullated nerve- 
fibres, which pursue a longitudinal course in the 
anterior and still more in the lateral column of the 
white matter. 

179. The gang^lioii cells (Fig. 86) of the grey 
matter are of various sizes and shapes, the branched, 
or stellate, or multipolar shape being predominant ; 
some have a more or less spindle-shaped or bipolar 
body, but each extremity may be richly branched. 
Each has a large nucleus enclosed in a membrane, and 
in it is a reticulum with one or two nucleoli. The 
largest ganglion cells occur in the anterior horns, 
likewise in Clarke's column of the dorsal region ; the 
smallest in the posterior horns. The ganglion cells 
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are much more numerons in the anterior horn than in 
the posterior, where they are comparatively Hcaroe. 

In the former they are all stellate or multipolar, 
and form definite groups : (o) an amierior group, 



a 
V 



\ 



(b) a median or inner group, and (c) a lateral group. 
The cells of the lateral group are the largest, those of 
the inner or median group are the smallest of the 
tliree. The lateral group of ganglion cells extends in 
tlie cervical region more or less into the white matter 
of the latei'al column. 
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180. In tiie doi-sal region of the cord there exists 
near the grey commisaure 
\ ..tf^' * special cylindrical group 

t^^^" of large multipolar gan- 

glion cells, which form the 
colum/n of iMckhart Clarke. 
In the posterior horns 
the ganglion cells are few 
and far between. Most of 
— — N.^^ them belong to the portion 
■k,^ N^ of the posterior horn near 
j- X^;, the posterior commissura 
^fe, " The substance of the 

Jj^f?^^ ganglion cells b fibrillated, 
• but there exists a granular 
interstitial material, which 
is especially well developed 
near the nucleus. Some- 
times smaller or larger 
masses of yellowish pig- 
ment granules are present 
in this part of the cell 
substance — i.e., near the 
nucleus. 

181. The fibrillated sub- 
stance of the ganglion cells 
is prolonged on to the pro- 
cesses. There are always 
one or two that are thicker 
than the others. At a 
Kb. M'.-Aii inlBted MalHpoiu longer or shorter distance 

QirnpUonCBUoItlKiGreyJiktWr from the cell the 'prooesaea 
of tEo Cord. , , , , -, ■ i, ■ , 

The ii«>ariti«HT-bT-i,chM prdc™»™ branch dend/rUically into 
iSuHiSi'cii'itM«iMp^>'nn°/n^fr "■ ^^^^ number of fibres, 
tool. ^rQe"MM"sir^w^>'Mj^uI° which eventually break up 
into the fine network of 
primitive fibrillse, forming the nervous groundwork of 
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the grej matter (Fig. 87). The ganglion cells of the 
anterior horn and the cells of Clarke's column have, 
in addition to these branched processes, generally one 
unbranched pale process (occasionally, but rarely, this 
is double), which takes its origin in the ceU substance 
with a thin neck. This is the aicw cylinder process of 
Deiters; it becomes invested sooner or later in a 
medullary sheath, and then becomes a meduUated 
nerve-fibre, as mentioned on a former page. The 
ganglion cells of the posterior horns have no axis 
cylinder process, all processes being branched and 
connected with the ground nerve network in the same 
way as the branched processes of the ganglion cells of 
the anterior horns. 

Anastomoses between the pi'ocesses of the ganglion 
cells of the anterior horns have been observed in a 
few instances (Carri^re). 

182. The ganglion cells of the anterior hofils and 
those forming Clarke's column — i,e,y the ganglion 
cells with axis cylinder process — are considered as 
motor^ the others as sensory ganglion cells ; that is to 
say, the former are connected with a motor nerve-fibrcj 
the latter with a sensory fibre ; but it would be quite 
incorrect to say that all motor fibres are Connected 
with the former, all sensory fibres with the latter. 

1 83. The white and gi*ey matter is supplied with a 
large number of blood- Vessels, the capillaries being 
more abundant atld forming a more uniform network 
in the grey than Ih the white matter ; in the latter^ 
most of them have a course parallel with the long 
axia The blood-vessels are ensheathed in lymph 
spaces (periijoscular spaces of His), and the ganglion 
cells are each surrounded by a lymph space (perv> 
teUula/r spCLce), 
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CHAPTER XVIL 

THE MEDULLA OBLONGATA OR BULR 

I 

184. As the cervical portion of the cord passes 
into the medulla oblongata, its parts alter position, 
arrangement, and name in the following manner : — 

(a) The anterior median fissure is continued as 
far as the medulla extends. The posterior fissure of 
the cord is also continued on the medulla, but in the 
upper portion is lost, owing to the fact that the 
central canal, which in the cord is situated in about 
the middle, shifts in the medulla towards the posterior 
surface, and soon altogether opens into the fourth 
ventricle. 

185. (b) The tracts of white matter bordering the 
anterior median fissure of the medulla, and separated 
from the other tracts by a distinct fissure on the 
surface, are the pyramided tracts. As was mentioned 
on a former page, the median portion of the anterior 
columns of white matter of the cord — i,e., the un- 
crossed or direct anterior fasciculus — is a direct pro- 
longation of the pyramidal tract, and can be followed 
in this upwards into the pyramids — i.e., the oblong 
prominences in the upper part of the medulla next 
to the anterior median fissure — and thence to the 
pons Varolii and farther into the cms cerebri. 
A major portion of the pyramidal tract crosses in 
the lower portion of the medulla, in the anterior 
median fissure — this forms the pyramidal decussation, 
(Fig. 88). Thfese crossed bundles enter the postero- 
lateral column of the cord, that part of it which has 
been mentioned above as the fasciculus of Tiirk. The 
crossed portion of the pyramidal tract passes into 
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the p^atnids and farther on into the pons Varolii and 
orus cerebri. 

186. The greater portion of the anterior column 



of white matter of the cord is situated deeper in the 
medulla than the pyramidal tracts. 

(c) The lateral column of white matter of the 
cord Kxa. be traced into the medulla as the lateral 
beacl. In the upper part of the medulla it becomes 
hidden from view by the olivary bodies and the 
transversely arranged white tract-s. The lateral tract 
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of the medulla comprises all parts of the lateral 
column of the cord including that portion which was 
mentioned as the anterior root-zone and the direct 
cerebellar fasciculus, but not that posterior division 
of it which was mentioned previously as the fasciculus 
of Turk, or the crossed pyramidal fasciculus. 

(d) The posterior column of the white matter of the 
cord is continuous with the same column of the medulla. 
That portion of it which lies next to the posterior 
median fissure, and which is called in the cord the 
fasciculus of GoU, is in the medulla called the /ascicultbs 
(or funiculus) gracilis. In the upper part of the 
medulla, as the central canal opens into the fourth 
ventricle, the fasciculus gracilis turns obliquely out- 
wards, and forms the lateral boundary of the ventricle. 

1 87. (e) The lateral part of the posterior column of the 
cord, which was mentioned as the fasciculus cuneatus, is 
prolonged into the medulla under the same name. But 
between the two — i,e., the fasciculus gracilis and fasci- 
culus cuneatus — there exists another tract, which is 
called by Schwalbe funiculvs of Rolcmdo, In the 
upper part of the medulla the fasciculus cuneatus 
becomes covered by transverse bundles of medullated 
nerve-fibres; these pass from the anterior median 
fissure across the surface of the pyramids and olivary 
body in a transverse direction towards the posterior 
fissure, but before reaching this take an upward 
direction. These bundles are the External arcuate 
fihtcB. In the upper part of the medulla the ex- 
ternal arcuate fibres, part of the funiculus cuneatus 
and funiculus of Rolando, as well as the direct cere- 
bellar fasciculus of the lateral column, all join to form 
a prominent tract of white matter — ike corpus resti- 
forme — which enters the white matter of the cerebellar 
hemisphere on the same side ; this is the pedunculus 
cerebelli ad medvXlam oblongata/m, or the lower cere- 
bellar peduncle^ 
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188. (/) In the region of the pyramidal decussation 
— i.e., the lower part of the medulla immediately fol- 
lowing the cervical portion of the cord — ^the grey 
matter of the cord is changed in its disposition by 
the fasciculus of Tiirk or the crossed pyramidal 
fasciculus passing en irmsae from the lateral column 
of white matter through the anterior horns of the 
grey matter. Hereby the anterior portion of the 
grey matter of the cord is shut off from the rest of 
the grey matter, and is found lying near the surface of 
the lateral column of the lower portion of the medulla 
as the lateral rmcleus of grey matter (Fig. 88). The 
main part of the anterior horn, however, is repre- 
sented by the reticular formaiion of grey matter. 
This contains in its lateral portion, at any rate, the 
same large multipolar motor ganglion cells with axis 
cylinder processes and ground-network as the anterior 
horn of the cord; but in addition there are the 
numerous bundles of meduUated nerve-fibres passing 
through it in transverse, oblique, and longitudinal 
directions. Some of these fibres belong to the con- 
tinuation of the anterior columns of white matter 
of the cord, others join the fasciculus gracilis and 
cuneatus, and a third kind pass out from the middle 
line of the medulla. 

189. {cf) The grey matter of the posterior horns of 
the cord imdergoes a change of disposition when passing 
into the medulla. Its hindmost portion is gradually 
shifted outwards by the development of the reticular 
formation of grey matter, and in about the middle of 
the medulla it is found lying near the surface of the 
lateral column as the tubercle of Rolando. The rest 
of the posterior horn remaius at first collected around 
the central canal; but as this gradually approaches 
the posterior fissure, in order to open as the fourth 
ventricle above, the grey matter gradually expands 
laterally into the funiculus gracilis and cuneatus of 

K— 1 
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the white matter, and forms a distinct accumulation 
i of grey matter in each of these funiculi ; they are 
respectively the nucleus gradlia and the nucleus 
cv/neatVjS. The former is the grey matter, in the 
axis cylinder process of whose ganglion cells the nerve- 
fibres of the funiculus gracilis originate ; but in the 
latter only a portion of the nerve-fibres of the funi- 
culus cuneatus take their origin ; since another part 
of it joins the restiform body, and so passes into the 
cerebellum. 

190. In the upper part of the medulla, i.6., in the 
region of the fourth ventricle, the grey matter forms a 
continuous mass, the floor of the fourth ventricle (Fig. 
89). In this region there is a distinct median septum, 
by which the medulla is divided into two halves ; this 
is the raphe. It consists of a thin membrane of nerve 
substance extending from the anterior longitudinal 
fissure to near the middle line of the floor of the fourth 
ventricle. This membrane consists of white matter 
in the shape of bundles of medullated nerve-fibres 
passing longitudinally, transversely, and obliquely; 
and of small masses of grey matter interspersed 
between the nerve-bundles, and especially at the side 
of the raphe, where nerve-fibre bundles pass out of 
it. The grey matter contains multipolar ganglion 
cells. 

191. In a transverse section through the upper 
part of the medulla, we find at the side of the 
pyramid, and a little behind it, but covered on the 
outer surface by white matter — i.e., the bundles oi 
nerve-fibres constituting the fibrae arcuatce extemse — 
a plicated lamina of grey matter which constitutes the 
olivary nucleus, or nucleus dentatus of the olivary 
body. It extends with its posterior portion into the 
reticular formation. Continuous vdth the olivary 
nucleus, but situated nearer the raphe, is a small 
lamina of similar grey matter ; this is the accessory 
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olivary nucleus. In both nuclei are found numerous 
multipolar ganglion cells, each with an axis cylinder 
process. 

192. The grey matter at the floor of the 
fourth ventricle is that from which the nerve roots 
of the cerebral nerves (facial auditory, glossopharyn- 
geal, pneumogastric, accessory, and hypoglossal) origi- 
nate. The ganglion cells in it are of various sizes, 
and are aggregated into groups which form the nuclei 
of origin of the above nerves. The thin layer of grey 
matter forming the floor of the ventricle, in the strict 
sense, is neuroglia only, a continuation of the central 
grey nucleus of the cord. 

The nerve cells in the hypoglossal nucleus are 
the largest ; they are as large as the large cells 
of the anterior horns of the cord. The cells of 
the glossopharyngeal nerves are considerably smaller. 
The motor nerve-fibres (e.^., those of the hypoglossal 
and pneumogastric) originate, as the axis cylinder 
process of the multipolar ganglion cells, in exactly the 
same manner as was mentioned in the cord, but the 
sensory nerve-fibres of these nerves originate from the 
network, into which the processes of the ganglion 
cells of these nuclei break up. 

193. In the lower part of the medulla, as long as 
there is still a closed central canal, we find next to 
this the last outrunners of the groups of gangHon 
cells which form the nuclei of the spinal accessory 
and hypoglossal nerves. 

As we pass upwards, and as the central canal 
opens into the fourth ventricle, the groups of ganglion 
cells below the floor of the ventricle are so arranged 
that we find near the median line the group repre- 
senting the hypoglossal nucleus; then, farther out- 
wards, several groups representing several sub-divisions 
of the pneumogastric nucleus ; still farther upwards, 
but more in the anterior part of the medulla, the nucleus 
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of the glossopharyngeal nerve ; and, lastly, more out- 
wards and upwards, several divisions of the nucleus 
of the auditory nerve. The nerve-fibres, originating 
in these nuclei, pass in bundles through the substance 
of the medulla oblongata, so as to appear on the 
antero-lateral surface. Of course these nerves, the 
nuclei of which are situated nearer to the middle line — 
e.g., the hypoglossal and spinal accessory — ^have to pass 
through the reticular formation, whereas those whose 
nuclei are situated more laterally pass only through 
the lateral part of the medulla. 



CHAPTER XVIIL 

THE CEBEBBUM AND CEREBELLUM. 

194. The structure of the dura mater, arachnoidea, 
and pia mater of the brain is similar to that of the 
same membranes of the cord. 

As has been shown by Boehm, Key and Retzius, 
and others, the deeper part of the dura contains peculiar 
ampullated dilatations connected with the capillary 
blood-vessels, and forming in fact the roots of the 
veins. 

The glandulcB Pacchioni, or arachnoidal villi of 
Luschka, are composed of a spongy connective tissue, 
prolonged from the sub-arachnoidal tissue and covered 
with the arachnoidal membrane. These prolongations 
are pear-shaped or spindle-shaped, with a thin stalk. 
They are pushed through holes of the inner part of 
the dura mater into the venous sinusei^ of this latter, 
but are covered with endothelium. Injected material 
passes from the sub-arachnoidal spaces through these 
stalks into the villi. The spaces of their spongy 
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substance become thereby filled and enlarged, and 
filially the injection matter enters the venous sinus 
itself. The pia cerebralis is very rich in blood-vessels, 
like that of the cord, which pass to and from the 
brain substance. The capillaries of the pia mater 
possess an outer endothelial sheath. The plexus 
choroideus is covered with a layer of polyhedral epi- 
thelial ceUs, which are ciliated in the embryo and in 
the young subject. 

195. As was mentioned of the cord, so also in the 
brain the sub-dural lymph space does not communicate 
with the sub-arachnoidal spaces or with the ventri- 
cles (Luschka, Key and Retzius). Nor does there 
exist a communication between the sub-arachnoidal 
space and a space described by His to exist between 
pia mater and brain surface, but doubted by others. 
The relations between the cerebral nerves and the 
membranes of the brain, and the lymph-spaces of both, 
are the same as those previously described in the case 
of the cord and the spLal nery4. 

196. The pia mater passes with the larger blood- 
vessels into the brain substance by the sulci of the 
cerebrum and cerebellum. 

In the white and grey matter of the brain we find 
the same kind of supporting tissue that we described 
in the cord as neuroglia. In the brain also it is 
composed of a homogeneous 'matrix, of a network of 
neuroglia fibrils, and of branched, flattened neuroglia 
cells, called Deitera^ cells. 

In the white matter of the brain the neuroglia 
contains between the bundles of the nerve-fibres rows 
of small nucleated cells ; these form special accumula- 
tions in the bulbi olfactorii, and in the cerebellum. 
Lymph corpuscles may be met with in the neuroglia, 
especially around the blood-vessels and ganglion cells. 

All the ventricles, including the aqueductus Sylvii, 
are lined with a layer of neuroglia, being a direct 
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contiimation of the one lining the fourth ventricle, 
and this again being a direct continuation of the 
central grey nucleus of the cord. Like the central 
canal of the cord, also, the ventricles are lined with a 
layer of ciliated columnar, or short columnar epithelial 
cells. 

197. The blood-vessels form a denser capillary 
network in the grey than in the white matter ; in the 
latter the network is pre-eminently of a longitudinal 
arrangement, t.e., parallel to the long axis of the 
bundles of the nerve-fibres. In the grey cortex of 
the hemispheres of the cerebrum and cerebellum, many 
of the capillary blood-vessels have an arrangement 
vertical to the surface, but are connected with one 
another by numerous transverse branches. 

The blood-vessels of the brain are situated in 
spaces, perivascula/r lymph-spaces^ traversed by fibres 
passing between the adventitia of the vessels, and 
the neuroglia forming the boundary of the space. 
There are no separate lymphatic vessels in the grey or 
white substance. 

198. The white matter consists of meduUated 
nerve-fibres, which like those of the cord possess no 
neurilemma or nuclei of nerve corpuscles, and no 
constrictions of Ranvier. The nerve-fibres are of 
very various sizes, according to the locality. Divisions 
occur very oftenl When isolated the fibres show the 
varicosities mentioned in the cord. 

The grey matter consists, like that of the cord 
and medulla, besides the neuroglia, of a very fine net- 
work of elementary nerve-fibrils (Rindfleisch, Gerlach), 
into which psiss, on the one hand, nerve-fibres, and, 
on the other, the branched processes of ganglion cells. 

With regard to the structure of the ganglion cells 
of the brain and medulla, what has been mentioned 
of the ganglion cells of the cord holds good as to 
them. like the former^ those of the medulla and 
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brain are situated in pericellular lymph-spaces (Ober- 
steiner). 

199. We now follow the above description of 
the structure of the medulla with that of the cere- 
bellum and pons Varolii, 

I. The cerebellum is composed of laminfie, 
folds, or convolutions, composed of secondary folds, 
each of which consists of a central tract of white 
matter covered with grey matter. The tracts of white 
matter of neighbouring convolutions of one lobe or 
division join, and thus form the principal tracts of 
white matter. 

The white matter of the cerebellar hemisphere is 
connected (a) with the medulla oblongata by the 
corpus restiforme, this forming the inferior peduncle 
of the cerebellum; (6) with the cerebrum by the 
processus cerebelU ad cerebrum, this forming the 
superior pedunculus ; and (c) with the other cerebellar 
hemisphere by the commissure passing through the 
pons Varolii; this is the pedunculus cerebelli ad 
pontem, or the middle pedunculus. 

200. On a vertical section, through a lamina of the 
cerebellum (Fig. 90), the following layers are seen : (a) 
the pia mater covering the general surface, and pene- 
trating with the larger blood-vessels into the superfcial 
substance of the lamina ; (6) a thick layer of cortical 
grey matter; (c) the layer of Purkinje's ganglion 
cells ; (c?).the nuclear layer, and (e) the central white 
matter. 

201. The layer of ganglion cells of Purkinje is the 
most interesting layer ; it consists of a single row of 
large multipolar gangUon cells, each with a large 
vesicular nucleus. Each possesses also a thin axis 
cylinder process, directed towards the depth, the 
cell sending out in the opposite direction — i.e., towards 
the surface — a thick process which soon branches 
like the antlers of a deer, the processes being all very 
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long-branched and pursuing a vertical course towards 
the surface ; sooner or later they all break up into 
the fine nervous network of the gi^ey cortex. The 
longest processes reach near to the surfaca The 
layer (6) above mentioned, t.6., the cortical grey 
matter, is in reality the terminal nerve network 
for the branched processes of the ganglion cells 
of Purkinje. Sankey maintains that in the human 
cerebellum there are also small multipolar gang- 
lion cells connected with the processes of the cells of 
Purkinje. 

202. The nuclear layer contains a large number 
of spherical or slightly oval nuclei embedded in a 
network of fine fibrils, the nature of which is not 
definitely ascertained, t.e., whether it consists of 
neuroglia only, or whether it contains, in addition, 
also a network of nerve-fibrils. The latter is ex- 
ceedingly probable. The nuclei are nuclei of neuro- 
glia cells, of lymph corpuscles and of small ganglion 
cells. , 

The axis cylinder process of the ganglion cell of 
Purkinje passes through the nuclear layer, and be- 
coming invested with a medullary sheath, enters as 
a medullated nerve-fibre the central white matter. 
There are, however, medullated nerve-fibres of the 
central white matter, which are not connected with an 
axis cylinder process of a Purkinje^s cell, but enter 
the nuclear layer and probably terminate there in the 
nerve network, or pass through it and terminate in the 
nerve network of the grey matter of the cortex. 

203. II. The pons Tarolii (Fig. 91) is a pro- 
longation partly of the medulla and partly of the 
cerebellum. Of the latter only white matter passes 
transversely into the anterior portion of the pons, 
and forms there the transverse bundles of nerve-fibres^ 
which give to t\\o pons the horizontal striation. 

As we pass upwards — 1.6., farther away from the 
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medulla, this part of the pona — t,e., that composed of 
horizontal fibres — iucreasea in thioluieas. 

204. Of the medulla there is a gt'eat«r portion 
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continued into the pons than of the cerebellum. 
(1) There are the pyramidal tracts; they do not lie on 
the Bnrface as in the medulla, but are hidden by some 
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— the most anterior bundles— of the transverse fibres. 
The bundles of the pyramidal tract pass as lonfitudinal 
fibres merely throu^ the anterior half of le pons, 
and enter the crura cerebri where they form the 
crusta. (2) The raphe. (3) The reticular formation; 
but this is limited to the posterior part. Small masses 
of grey matter and ganglion cells are scattered every- 
where between the transverse bundles of the nerve- 
fibres of this formation. (4) The grey matter at the 
floor of the fourth ventricle. This grey matter con- 
tains also on the posterior surface of the pons groups 
of multipolar ganglion cells. 

Near the middle line there is a group of large 
multipolar ganglion cells, each with an axis cylinder 
process. This is the nucleus for the sixth nerve, and 
of part of the seventh, the former lying more median 
than' the latter. There is another nucleus of the 
seventh situated more deeply — i.e., in the reticular 
formation. More outwards we meet with the superior 
nucleus of one of the roots of the auditory nerve. 
Farther upwards we meet with the nucleus of the 
motor roots of the fifth. 

(5) In the lower part of the pons there exists also 
a continuation of the grey matter of the corpus den- 
tatum of the olivary body. 

205. The pons is connected with the cerebrum by 
the crusta of the crus cerebri, which, as mentioned 
above, are bundles of meduUated nerve-fibres passing 
merely through the pons but being continuations of 
the anterior pyramidal tracts of the medulla. 

206. III. The bemisplieres of the cere- 
brum. — On a vertical section each convolution shows 
a white centre and a grey cortex. The former is com- 
posed of meduUated nerve-fibres. The white matter 
of the convolutions of the cerebral hemispheres is ar- 
ranged as (a) the ceritrum ovale — i.e., the central mass 
of white matter from which the lamina of white matter 
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for each convolution ^ . ^ ^ 

bmnehes off, and, (6), T^TTt-^T r'-T" 



■e of white 
matter between the two 
hemispheres, i.e., the 
eorpus eaUonim. and 

The centrum ovale ^ain 

consists of tracts of 
medullated nerve-fibre, 
which connect (a) the 
convolutions of the same 
hemisphere with one 
another, and (6) such as 
pass between the con- 
volutions on the one 
hand, and the thalamus 
opticus, the pons, and 
medulla on the other. 
These tracts pass by the 
internal capsule (see 
below) to the thalamus 
opticus, and to the crus 
cerebri. 

The grey cortex con- 
sista, according to Mey- 
nerfc, of the following 
layers (Fig, 93} :— (1) a 
superficial layer of grey 

Pie. »2. — VectiHtl Section 
throngli the Qrey Mutter o( a 
Cerebral CiMiTolntioii. 

" ^^nlv fDrmfttloD." ' boftll 
ID DlU polar jm^ltoD oflUi; «, tbe 

cent, (fiiraen, E SUSuet 



>>>. 



158 



Elements of Histology. [Chap. xviii. 




matter (neuroglia and nerve ground network), with 

few and small ganglion cells. 
(2) A layer of small more or 
less pyramidal ganglion cells 
densely aggregated (3) The 
formation of the cornu Am- 
monis. This is the principal 
or broadest stratum of the 
cortex ; it is composed of 
several layers of large, pyra- 
midal ganglion cells, increas- 
ing in size as a deeper layer 
is reached. 

The pyramidal cells of 
this third^d of the previous 
second stratum consist of a 
pyramidal body including an 
oval vesicular nucleus (Fig. 
93). From the body pass out 
the following principal pro- 
cesses : — (a)tlieprocessof the 
apex, directed towards the 
surface of the convolution ; 
it can be traced for 
a longer or shorter 
distance. (6) The 
lateral basilar pro- 
cesses, and finally 
the median basilar 
process. This latter 
is fine, remains un- 
branched, and is an 
axis cylinder process^ 
i.e., becoming in- 
vested with a medul- 
lary sheath is a nerve- 
fibre of the central 




Fkr. 9a— A large Pyramidal Ghmglion 
Cell of the Grey Cortex of the Human 
Cerebram. 

The process of the apex and tbe other processea 
branch and break up into the fine nerve net- 
work. The median process of the base of the 
pgrramid remains unbranched, and becomes 
an axis cgrlinder of a nerve-fibre. (Atlas.) 
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white matter. The other processes, sooner or later in 
their course, branch and break up finally into the 
nerve ground network of the grey matter. (4) A thin 
stratum of small irregular branched ganglion cells, the 
granular formation of Meynert. (5) A last stratum 
of spindle-shaped and branched ganglion cells, ex- 
tending parallel to the surface. 

207. According to Meynert, the grey cortex of the 
posterior portion of the occipital lobe about the sulcus 
hippocampi consists of eight layers, the granular for- 
mation being the principal one. In the grey cortex of 
the comu Ammonia, on the other hand, the third 
layer is the principal layer, the fourth being wanting. 
In the claustrum (part of the wall of the Sylvian 
fissui'e), the spindle-shaped cells of the fourth layer 
form die principal stratum. 

208. The bulbus olfactorius contains in most 
mammals, but not in man, a small central cavity 
lined with columnar ciliated epithelial cells. The sub- 
stance of the bulb around this cavity consists of an 
upper part, which is white matter, and is a continua- 
tion of the tractus olfactorius. The lower part is 
grey matter, and contains the following layers, count- 
ing from below upwards : (1) a layer of non-medul- 
lated nerve-fibres, each with a neurilemma ; this layer 
forms farther on the olfactory nerve going to the 
olfactory organ ; (2) the stratum glomerulosum, com- 
posed of a number of glomeruli or convolutions, 
each of which consists of an olfactory nerve-fibre, and 
in addition to it numerous small neuroglia cells \ (3) 
stratum gelatinosum of Lockhart Clarke, composed 
of a fine nerve network, and embedded in it multi- 
polar ganglion cells ; (4) a last and thickest layer of 
nuclei embedded in a network of fibrils, and similar in 
structure with the " nuclear layer.*' 

209. lY. The mesenceptialon. — The fourth 
ventricle above the upper part of the pons Varolii 
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closes again into a small canal (the aqueductvs Sylvii) 
which having passed in front out of the region of the 
corpora quadrigemina opens out again as the third 
ventricle. The parts around the aqueductus Sylvii 
represent the mesencephalon (Fig. 91), developed 
from the middle brain vesicle in the embryo. They 
include the wall of the aqueductus Sylvii, the corpora 
quadrigemina, and the crura cerebri 

The aqueducttL8 Sylvii is lined with epithelium 
and a layer of neuroglia continued from the fourth 
ventricle. The raphe of the medulla and of the pons 
are continued into the lower wall of the aqueductus. 
The lining layer of neuroglia is on its antero-inferior 
aspect surrounded by a layer of grey substance con- 
tinued from the grey substance of the floor of the fourth 
ventricle. It contains in a nerve network numerous 
multipolar ganglion cells grouped into nerve nuclei, 
connected with the third, fourth, and part of the fifth 
pair of nerves. In front of this layer is one of con- 
siderable thickness called the tegmentwnty which is the 
dorsal or posterior portion of the cms cerebri. 

210. The corpora quadrigeiiima. — Each of 
the two lower lobes consists of a superficial layer of 
white matter, and a deep grey portion, containing 
multipolar ganglion ceUs of various sizes embedded 
in a fine nerve network. Between this and the 
grey substance of the wall of the aqueductus Sylvii 
are tracts of white matter, forming part of the fillet 
In each of the two upper lobes there is also a super- 
ficial layer of white matter, beneath which is a layer 
of grey matter (stratum cinereum) ; underneath this 
is the main portion (the st/raium optidum) consisting 
of longitudinal tracts of nerve-fibres, between which 
are small masses of grey substance. Between this 
stratum opticum and the grey matter forming the 
wall of the aqueductus Sylvii is a layer of white 
matter, part of the fillet. 
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211. The eras cerebri of each side consists of an 
antero-inferior, middle, and postero-inferior portion. 
The antero-inferior or ventral portion is the crusta, or 
pes ; the postero-inferior or dorsal portion is the teg- 
mentum. Between the two is the substantia nigra. 
The crnsta is composed of longitudinal tracts of me- 
duUated nerve-fibres passing from the margin of the pons 
Varolii to the internal capsule of the thalamencephalon, 
and farther into the white matter of the hemisphere. 

212. The teg:nientuiii has been mentioned above 
as being situated in front of the grey matter forming 
the anterior wall of the aqueductus Sylvii The 
tegmentum is a prolongation of the reticular formation 
of the pons Varolii and medulla (see above), i.^., small 
masses of grey substance separated by tracts of nerve- 
fibres, most of which run in a longitudinal or transverse 
direction. The longitudinal bundles include a con- 
tinuation of the white matter of the cerebellum, 
mentioned in a previous page as the superior peduncle 
of the cerebellum, or the pedunculus cerebelli ad 
cerebrum. These undergo total decussation in the 
upper part of the mesencephalon, and ultimately enter 
the thalamus opticus. 

213. The substantia nigra is grey matter 
situated between the two crusta and the tegmentum ; 
it has received its name from the numerous dark 
pigment granules lodged in the nubstance of its gan- 
glion cells. These are small and multipolar* 

214. Vi The thalameneepbalon and corpus 
strlatlini. — The former comprises the parts of the 
brain situated round the third ventricle, the most im- 
portant being the thalamus, the conarium or pineal 
body, the corpora albicantia, the infundibulum and 
tuber cinereum, and the pituitary body or hypophysis 
cerebri. The corpus striatum is the ganglion of the 
cerebral hemisphere, and like it originates from the 
frontal part of the first cerebral vesicle of the embryo. 

L— 1 
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215. The thalamus opticus consists of a super- 
ficial layei' of white, and a centre of gi-ey matter. 
In this numerous multipolar ganglion cells are noticed. 
The white matter in the outer portion is very con- 
siderable, and of great importance from its connec- 
tions. Fi'om it radiate tracts of meduUated nerve- 
fibres, which join the tracts of the internal capsule on 
their way to and from the different parts of the 
cerebral hemisphere* 

The superior peduncle of the cerebellum, after its 
decussation with that of the opposite side, passes 
into the white matter of the thalamus. The trac- 
tus opticus is connected with the outer white matter 
of the posterior portion of the thalamus — i,e.^ the 
fvlvinour, 

216. The corpus striattun^ as stated before, 
is considered as the ganglion of the cerebral hemi- 
sphere. It consists of the nucleua ccmdatus and the 
muil&us lenticularis. The former projects into the 
lateral ventricle, the latter is the outer portion of 
the corpus striatum. The nucleus lenticularis is 
separated from the nucleus caudatus and from the 
anterior portion of the thalamus opticus by tracts of 
medullated nerve-fibres, known as the internal capsule. 
On the outer surface of the nucleus lenticularis is a 
thin lamina of white matter which is the eoctemal 
capsule^, This is separated from the white matter 
of the cerebral convolutions at this part — i.&, the 
island of ReU — ^by a thin lamina of grey matter, called 
the clausttv/m^ The nucleus caudatus and lenti- 

' cularis consist of grey matter with larger and smaller 
groups of multipolar ganglion cells, permeated by 
tracts of medullated nerve-fibres, which originate in 
the grey matter. These tracts of white matter pass 
transversely and obliquely into the internal capsule, 
and are to be traced on the one hand to the white 
matter of the convolutions of the cerebral hemisphere, 
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(which is, however, doubted by many observers), and 
on the other into the crusta of the cms cerebri. 

217. The tntemal capsule is one of the most 
important masses of white matter; it contains the 
tracts of medullated nerve-fibres which pass between 
the white matter of the cerebral hemisphere and the 
cinis cerebri — t.e., the corona radiata of Reil ; further, 
it contains tracts of medullated nerve-fibres passing 
between the thalamus opticus and the white matter 
of the cerebral hemispheres ; and, finally, it contains 
tracts of nerve-fibres passing between the corpus 
striatum and the cms cerebri 

218. The pineal body, or conarium, and the 
anterior lobe of the hypophysis cerebri, are epithelial 
in structure and origin, and will be described in a 
future chapter. The pineal gland contains a large 
amount of calcareous matter— brainsand. 

The corpora albicantia are masses of white 
matter — i.e., meduDated nerve-fibres; each corpus 
albicans includes a centre of grey substance. 

The infundibulum and tuber ci/nereum at the floor 
of the third ventricle are composed of grey matter ; 
the latter extends between the corpora albicantia 
to the optic commissure, while the former is connected 
with the posterior or minor lobe of the hypophysis. 



CHAPTER XIX. 

THE CEREBROSPINAL. GANGLIA* 

219. The ganglia connected with the jposterior 
roots of the spinal nerves, and with some of the 
roots of the cerebral nerves, Gasserian, otic, geni-» 
culate, ciliary^ Meckel's ganglion, the ganglia ot 
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the bruiches of the acoustic nerve, the submaxillar; 
ganglion, &c. — possess a capsule of fibrous connective 
ttaane continuous with the epineurium of the afferent 
and efferent nerve trunks. The interior of the ganghon 
is subdivided into smaller or larger divisions, contain- 
ing nerve bundles with their perineurium, or larger 
and smaller groups of gan^on 
cells. In the spinal ganglia 
these latter are generally dis- 
posed about the cortical part, 
whereas the centre of the 
ganglia is chiefly occupied by 
bundles of nerve-fibres. 

220. The ganglion cells differ 
very greatly in size, some being 
as big, and bigger, than a lai^e 
multipolar ganglion ceil of the 
anterior horn of the cord, others 
much smaller. Each cell has 
a large oval nucleus, including 
a network, with one or two 
lai^ nucleoli. Its substance 
ahows a distinct fibrillation. 
Each cell of the ganglia in man 
and mammals ia wnvpolar (^ig> 
94), flask or pear-shaped, and 
invested in a hyaline ca)>mle, 
lined with a more ot less con- 
tinuous layer of nucleated endo' 
iM uniu theUal celt-pUite». The single 
'^^If* process of the ganglion ceU is 
»b» ^Miii gihj*^ jdut^^ I^Hl?! finely and longitudinally atri- 
ESa^KrtiRSi^S^ *ted- *»d »3 an axis cylinder 
(Sj^jtoBS)"*' "~ process. Immediately after 
leaving the cell body it is much 
convoluted (Eetzius) ; it is then covered with a me- 
dullary sheath, and so becomes a meduUated nerve* 
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fibre. The capeule of the ganglion cell is continued 
on the axis cylinder process, and, farther on, on the 
medullated nerve-fibre, as the neurilemma ; while the 
endothelial platea of the capsule pass into the nerve 
corpuscles lining the neurilemma, their 
number greatly diminishing (Fig. 95). 

231. In the rabbit this medullated 
nerve-fibre at its first node of Eanvier, 
which is not at a great distance from 
the ganglion cell, divides into two me- 
dullated nerve-fibres in the shape of a 
T ; one branch is supposed by Eanvier 
to pass to the cord, the other to the 
periphery. In man, this T-shaped 
division has also been observed by 
Betzius, but it cannot be said with 
ceitainty that in rabbit or man 
every axis cylinder process shows this 
T-shaped division. Betzius observed 
this T-shaped division also in the 
Oasaerian, geniculate, and vagus gan- 
glia in man. 

The gaugUon cells are not unipolar 
in all cerebral ganglia ; in the cUiary 
and otic ganglia there are a good many 
ganglion cells which are multipolar. p,^ at-An Ik>. 

222. Numerous ganglia of micro- «u^Qt'?apJB'i3 
Bcopic size are to bo found in the to*^'"'"' "' 
sub-maxillary (salivary) gland ; they »• uu orun*" 
are of diflerent sizes, and are in Sif^nnni i^u a 
reality ganglionic enlargementa of SJ^^""''* 
larger or smaller nerve-bundles. Each {^EiJ' S" jS 
ganglion is invested in connective SSTEiffiii 
tissue continuous with the perineu- 
rium, and the ganglion celb are unipolar, and of the 
same nature as those described ^bove, each being 
an axis cylinder process, which becomes 
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soon connected with a nerve-fibre. At the back 
of the tongue there are similar small microscopic 



CHAPTER XX. 

THE SYMPATHETIC STSTEM. 

223. The sympathetic nerve-branchea exactly re- 
semble the cerebro-spinal nerves in their connective 
tismie investments (epi- peri- and endo-neurium), and 



Fig. M.— Sympstbatdo Ifenss. 

. the arrangement of the fibres in bundles (Fig, 
i, a). Most of the nerve-fibres in the bundles are 
la-medullated or Itemak's fibres (Fig. 96, b), each 
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being an axis cylinder invested in a neurilemma, with 
oblong nuclei indicative of nerve corpuscles. But there 
are Bome medullated nerve-fibres to be met with in 



Pis- 97.— A group o( aanglion Cells iDterpoeed in a bnndlo of Srninr 
Oietic Herve-fibrea ; !xo\a tbe Bladder of a Babbit. (Uandbook.) 

each bundle, at least, of the larger nerve-trunke. 
These in some cases show the medullary sheath more 
or less discontinuous, and with a varicose outline 



le BJadder of tbe Babbit. 



(Fig. 96, c), owing to a uniform local accumulation of 
fluid between it and the axis cylinder. The small or 
microscopic bundles of nerre-hbres have an endothelial 
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(permeural) sheath. Th« smell cuid lai^ branches 
form always ricA pl«3euset. 

234. In coimection with the macroscopic and 
microscopic sympathetic nerve-branches, are gang- 
lionic enlargementa. They occur in some oigana very 
numerously — e.^., alimentary canal, urinary bladder 
(Fig. 97 and Fig. 
, 98), respiratory or- 
gans — aiid are of 
all sizes, from a 
few ganglion cells 
placed between, or 
laterally to, the 
nerv«-fibres of a 
small handle, to 
oval, spherical, or 
irregularly - shaped 
iftaases of ganglion 
eells placed in the 
course of a large 
nerve - bundle, or 
situated at the point 
of anastomosis of 
two or more nerve- 



FlI. Se.^Sriopathetlo OuikUod Cell of Min. 



The ganglion 
cells (Fig. 99) are 
of veiy different 
sizes, each possess- 
ing a large oval or 
spherical nucleus 
with one or two 

loleoli. Their 

«ii'te"ra«r."il™SfaS^4LeSfr^re°'iJSH shapo Is sphencal 

uflaeuiu,), OP fyygj^ fl^t- 

shaped, club-shaped, or pear-shaped ; they possess 
either one, two, or more prooesses, being uni-, hi-, 
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or multi-polar. The cell is inveBted in a capsule lined 
with nucleated cells, both being continued on the pro- 
ccBses as neurilemma and nerve corpusclee respectively. 

The processes of the ganglion cells are sU axis 
cylinder processes, and invested m the neurilemma, 
thus representing non-medul- 
lated nerve-fibres. Theydo not 
become as a rule medullated. 

225. In the frog (Beale, 
Arnold) and also in some few 
instances in the mammal, the 
sympathetic ganglion cell gives 
off one straight aan» eylinder 
proeett, into which ^e sub- 
stance of the gtmglion cell ia 
prolonged, Thia is entwined 
by a thin spiral Jibre (Fig, 100), 
taking its origin by two or 
more rootlets from the ganglion 
cell substance, and circling 
round the (thicker) straight 
axis cylinder process. A single 
neurilemma enaheathea them 
both. Soon the spiral fibre 
leaves the axis cylinder process, 
becoming invested with a 
medullaty sheath and its own 
neurilemma, thus forming a 
medullated fibre, whereas the 

straight axis cylinder continues j^_ ioo,_a symTithetto 
its course as a non-medullated ^"t^S^th^^^^f"*' 
nerve-fibre (Key and Ketzius). ■»« anS the ei^ fl£?' 

tion wttit tme plexuses of nerve K«tiini.) 
bran'i^es of the heart, the 

ganglia in the plexus of non-medullated nerve-fibres 
existing between the longitudinal and circular coat 



lyo 
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of the external muscular coat in the alimentary canal, 
known as the plexus myentericus of Auerbach, the 
ganglia in the plexus of nerve branches of the sub- 




Fig. 101.— Plexus of flue Sympathetic Nerve-fibres, with Ganglionic 
Enlargements in the Nodal Points. From the Plexus of Meissner 
in the Submucous Tissue of the Intestine. 

a. Fine nenre-flbrea ; ft, grouim of ganglion cells interposed between the 

nerve-fibres. 



mucous tissue in the alimentary canal, known as 
Meissner's plexus (Fig. 101), the ganglia in the nervous 
plexuses in the outer wall of the bladder, in the bron- 
chial wall, and in the trachea, and lastly the ganglia in 
connection with the nerves supplying the ciliary muscle 
of the eye, all belong to the sympathetic system. 



CHAPTER XXI. 



227. AHUUANtooth, adult and milk-tooth, consists 
(Fig. 102) of (a) the enamel covering the crown, (6) 
the dentine forming the 
bulk o( the whole 
tooth, and surrounding 
the pulp-cavity both of 
the crown and fangs, 

(c) the pulp-cavity, and 

(d) the cement or crasta 
petrosa. This cement 
covers the outside ol 
the dentine of the 
fang or fangs, in the 
same way as the enamel 
covers the dentine of the 
crown. The crusta pe- 
trosa is covered on its 
outside by a dense fibrous 
tisBua acting as a perios- 
teum to it, and is fixed 
by it to the inner surface 
of the bone forming the 
wall of the alveolar 

228. The enamel 
(Fig. 103) consists of 

thin microscopic pris- Fta. loa—LongitmlinBl SectioD 
matic elements, the flirowli ttut ^molar Tooth ol 



enamel prttms placed 
closely, uid extending in 



^A^ 
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a vertical direction from the surface to the dentine. 
When viewed in transverse section, the enamel prisma 
appear of an hexagonal outline, and separated by a very 
fine interttitial cement »ubatanee. The outline of the 
enamel prisms is not straight, but wavy, so that the 
prisms appear varicose. The prisms are a^regated 
into bundles, which are not quite parallel, but more 
or less slightly overlap one another. On a longitudinal 
section through a tooth, the appearance of alternate 



Tig. 103.— EDUDel Frlsmi. 
tndlDSI view ; b, In croH leclloiL (Eolliter.) 

a the enamel is thna produced, 
seen in the enamel dark hori- 
zontal curved lines, the brown parallel stripes of 
Retzius, probably due to inequalities in the density of 
the enamel prisms produced by the successive forma- 
tion of layers of the enamel The enamel conaiats 
of lime-salts : phosphate, carbonate, and fluoride of 
calcium with corresponding magnesium Gaits. 

In young t«eth the fi'ee surface of the enamel 
is covered with a delicate cuticle (the cuticle of 
Nasmyth}, a single layer of non-nucleated scales. 
In adult teeth this cuticle is wanting, having been 
rubbed off. 

229. The dentine is the principal part of the hard 



substances of the ttwittt. It forms a complete inveat- 
ment of the pulp cavity of the crown and fciug, heing 
slightly thicker in the 
former than in the latter 
r^on. The dentine is 
oompoaed of (Pig. 104) r 

(1) d homogeneous ma- 
trix; this is a reticul&r 
tissue of fine fibrils im- 
pregnated with lime- 
salts, and thus resem- 
bles the matrix of bone j 

(2) long fine canals, the 
dentinal canals or tubes 
parsing in a more or less 
spiral manner, and ver- 
ticaUy from the inner 
to the outer surface of 
the dentine. These tubes 
are branched; thej open 
in the pulp cavity with 
their broadest part, and 
become smaller aa they 
approach the outer sui^ 
face of the dentine. 
Each canal is lined with 
a delicate sheath — the 
derttinal gheatk. Inside 
the tube is a fibre, the 
dentinal fibre, a solid 
elastic fibre originating 
with its thickest part 
at the pulp side of the 'A^^l^ta^^aT' '^'"'^'^'- •" 
dentine from cells lining 

the outer surface of the pulp, and called odontoblasts. 

On the outer surface of tlie dentine, both in the 

r^ion of the enamel and crusta petrosa, the dentinal 
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tubes pass into a layer of intercommunicating irregular 
branched spaces, the interglohula/r spaces of Czermak, 
or the granula/r layer of Purkinje. These communicate 
with spaces existing between the bundles of enamel 
prisms of the crown, as well as with the bone laminae 
of the crusta petrosa of the fang. The interglobular 
spaces contain each a branched nucleated cell. The 
dentinal fibres anastomose with the processes of these 
cells. The incremental lines of Salter are lines more 
or less parallel to the surface, owing to imperfectly cal- 
cified dentine — the interglobular substan>ce of Czermak. 
The lines of Schreger are curved lines parallel to the 
surface, and due to the optical effect of simultaneous 
curvatures of dentinal fibres. 

230. The cement is osseous substance, being 
lamellated bone matrix with bone corpuscles. There 
are no Haversian canals. 

231. The pulp is richly supplied with blood-vessels, 
forming networks, and extending chiefly in a direction 
parallel to the long axis of i^e tooth. Numerous 
meduUated nerve-fibres forming plexuses are met 
with in the pulp tissue ; on the outer surface of the 
pulp they become non-meduUated fibres^ and probably 
ascend in the dentinal tubes. The matrix of the 
pulp is formed by a transparent network of richly 
branched cells, similar to the network of cells forming 
the matrix of gelatinous connective tissue. 

232. On the outer surface of the pulp — i.e.^ the 
one in contact with the inner surface of the dentine — 
is a layer of nucleated cells, which are elongated, 
more or less columnar. These ai*e the odontoblasts 
proper. Between them sere wedged in more or less 
spindle-shaped nilchated cells, the otiter or distal pro- 
cess of which passes into a dentinal fibre. The odonto- 
blasts proper are concerned in the production of the 
dentinal matrix, according to some by a continuous 
growth of the distal or outer paii; of the cell and 
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a petrifaction of this increment, according to others 
by a secretion by the cell of the dentinal matrix. 
Waldeyer, Tomes, and others, consider the odontoblasts 
proper concerned in the production both of the dentinal 
matrix and dentinal fibres. The odontoblasts proper 
and the spindle-shaped cells are continuous with the 
branched cells of the pulp matrix. 

223. Development of teetli* — The first rudi- 
ment of a tooth in the embryo appears as early as the 
second month. It is a solid cylindrical prolongation of 
the stratified epithelium of the surface into the depth 
of the embryonic mucous membrane. Along the 
border of the jaws the epithelium appears thickened, 
and the subjacent mucous membrane forms there a 
depression — the primitive dental groove. Into this 
groove.the solid cylindrical prolongation of the surface 
epithelium takes place. Tliis prolongation is the 
rudiment of the enamel organ. While continuing 
to grow towards the depth, it soon broadens at its 
deepest part, and the surrounding vascular mucous 
membrane condenses at the bottom of the prolongation 
as the rudiment of the tooth papilla. While the distal 
part of the enamel organ continues to grow towards 
the depth, it gradually embraces the tooth papilla in 
the shape of a cap — ^the enamel cap. During this 
time the connection between the surface epithelium 
and the enamel cap becomes greatly thinned out and 
pushed on one side, owing to the growth of the enamel 
cap and papilla taking place chiefly to one side of the 
original dental groove. 

234. The enamel cap (Fig. 105) is composed of 
three strata — an inner, middle, and outer stratum. 
The inner stratum is a layer of beautiful columnar 
epithelial cells, the enarnel cells; they were ori- 
ginally continuous with the deep, layer or the 
columnar cells of the surface epithelium. The middle 
stratum is the thickest and is of great transparency, 
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owing to a transformation of the middle layer of the 

epithelial cells into a spongy gelatinous tissue, due to 
accumulation of fluid between the epithelial cells 
of this layer, and to a reduction of its substanoe 
to thin nucleated plates, apparently branched. The 



^ 3« Tooih «a& Loner Jaw 

of Fstol £ltteu. 

t, woisT bone of Jiw; ipM>ll> ol loochr' •. odoutoblMti : /. aenllnei «' 
fnuseliXineDibmieof Nianmb! <, enunel MlUiJ, mldd^eWErDrenuDel 
DTguii It; outer uvaroreuBineiDrgiik, 

outer stratum consists of one or more layers of 
polyhedral cells, continuous with the deep layers of 
ceUs of the epithelium of the surface of the gum. 
Outside the enamel cap is the gelatinous vascular 
tissue of the mucous membrane of the gum. 

235. The fretal tooth papilla is a Tascular embryo- 
tial or gelatinous tissue ; on its outer surface a con- 
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densation of its cells is soon noticeable into a more or 
less continuous stratum of elongated or columnar cells, 
the odontoblasts. 

236. The dentine is formed in connection with 
the odontoblasts (Fig. 105) ; on its outside appears the 
enamel formed by the enamel cells, i.e., the inner 
layer of the enamel organ. The dentine and enamel 
are deposited gradually, and in layers. At first they 
are soft tissues, showing a vertical diiSerentiation 
corresponding to the individual cells of the enamel 
cells and odontoblasts respectively. Soon lime salts 
are deposited in it, at first imperfectly, but afterwards 
a perfect petrifaction takes place. The layer of most 
recently formed enamel and dentine is more or less 
distinctly marked off from the more advanced layer, 
the most recently formed layer of the enamel being 
situated next to the enamel cells, that of the dentine 
next to the odontoblasts. 

The milk tooth remains buried in the mucous 
membrane of the ffum. When it breaks through, the 
enamel remains covered with-i.e., carries wii it- 
the inner stratum of the enamel organ only, i.e., the 
enamel cells (Fig. 105, h); these at the same time as 
the surface of the enamel increases become much 
flattened, and, finally losing their nuclei, are con- 
verted into a layer of transparent scales, the membrane 
or cutich of NamnytK 

237. Long before the milk tooth breaks through 
the gum, there appears a solid cylindrical mass of 
epithelial cells extending into the depth from the 
connection between the enamel organ and the epithe- 
lium of the surface of tlie gum mentioned above. 
This epithelial outgrowth represents the germ for 
the enamel organ of the permanent tooth; but it 
remains stationary in its growth till the time arrives 
for the milk tooth to be supplanted by a permanent 
tooth. Tben that rudiment undergoes exactly the 

M— 1 
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Barae changes of growth aa the enamel organ of the 
milk tooth did in the first period of fwtal life. A 
new tooth is thus formed in the depth of the alveolar 
cavity of a milk tooth, and the growth of the former 
in size and towards the surface gradually lifts the 
latter out of its socket 



CHAPTER XXII. 

THE SALIVARY GLANDS. 

238, The salivary glands, according to their 

structure and secretion, are of the following kinds : — 

(]) Ttur ealivary {Fig. 106), serom. or albuminous 
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glands, such aa the parotid of man and mammals, 
the sub-maxillary and orbital of the rabbit, the eub- 
maxillarj of the guinea-pig. They secrete true, thin, 
watery saliva, 

(2) Mvx&vM ghmd>, such as the sub-maxillaij and 
orbital of the oat and dog (Fig. 107), the sub-lingual 



of the cat, dog, rabbit, and guinea-pig. Tliey secrete 
thickish mucus. 

{ 3) Mixed salivary, or ■mucosaiivary glands, auch as 
the Bub-m axillary and sub-lingual in man and in the ape,. 

In addition to the three salivary glands (parotid, 
sub-maxillary, and sub-lingual) there are in some 
cases, as in the rabbit and the guinea-pig, two minute 
additional glands, one intimately annexed to the 
parotid and the other to the sub-maxillary, and both 
of the nature of a mucous gland. These are the 
superior and inferior admaxillary gland» ■ 
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239. The frameprorli:.— Each salivary gland 
is enveloped in a fibrous connective tissue capsule, 
in connection with which are fibrous trabeculae and 
septa in the interior of the gland, by which the sub- 
stance of the latter is subdivided into lohes^ these 
again into lobiUes, and these finally into the alveoli 
or acini The duct, large vessels and nerves pass 
to and from the gland by the hilum. The con- 
nective tissue is of loose texture, contains elastic 
fibres, and, in some instances more, in others less, 
numerous lymphoid cells. In the sub-lingual gland 
they are so numerous that they form continuous rows 
between the alveolL The connective tissue matrix 
between the alveoli is chiefly represented by fine 
bundles of fibrous tissue, and branched connective 
tissue corpuscles. 

240. The docts.— Following the chief duct of 
the gland through the hilum into the interior, we see 
that it divides into several large branches, according 
to the number of lobes; each of these breaks ofi 
into several branches, one for each lobule. Entering 
the lobule the duct becomes very minute, and passing 
along it gives oflT laterally several minute ducts, 
these are the intralobular ducts, or the salivary tubes 
of Pfliiger. The larger ducts are called the inter- 
lobular, and further, interlobar ducts. Each of the 
latter consists of a limiting membrana propria, 
strengthened, according to the size of the duct, by 
thicker or thinner trabeculae of connective tissue. In 
the chief branches there is present in addition non- 
striped muscular tissue. The interior of the duct is 
a cavity lined with a layer of columnar epithelial 
cells. In the largest branches there is, outside this 
layer and inside the membrana propria, a layer of 
small polyhedral cells. 

241. The intralobular ducts, or the salivary 
tubes of Pfliiger, consist of a limiting membrana 
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propria, with a single layer of columnar epithelial cells. 
Each of these has a spherical nucleus in about the 
middle; the outer half of the cell substance shows 
very marked longitudinal striation, due to more or 
less coarse fibrillse (see Fig. 106). The inner half, 
i.e., the one bordering the lumen of the duct, is only 
very faintly striated. The outline of these salivary 
tubes is never smooth, but irregular, i.e., the diameter 
of the tube varies from place to place. 

Not in all salivary glands do the epithelial cells 
of the intralobular ducts show this coarse fibrillation 
in the outer part of their substance; e.^., it is not 
present in the sub-lingual gland of the dog or the 
guinea-pig. 

242. The ends of the branches of the salivary 
tubes are connected with the secreting parts of the 
lobule, i.e., the acini or alveoli These always very 
conspicuously differ in structure from the salivary 
tubes, and, as a rule, are larger in diameter. The last 
part of the duct which is in immediate connection with 
the alveoli is the intermediate part, this being inter- 
posed, as it were, between the alveoli and the salivary 
tube with fibrillated epithelium. The intermediate part 
is much narrower than the salivary tube, and is lined 
with a single layer of very flattened epithelial cells, 
each with a single oval -nucleus ; the boundary is 
formed by the membrana propria, continued from the 
salivary tube. The lumen of the intermediate part is 
much smaller than that of the salivary tube, and is 
generally lined with a fine hyaline membrane, with 
here and there an oblong nucleus in it. 

At the point of transition of the salivary tube 
into the intermediate part there is generally a sudden 
diminution in size of the former, and the columnar 
cells of the salivary tube are replaced by polyhedral 
cells ; this is the neck of the intermediate part. In 
some salivary glands, especially in tho mucous, this 
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neck is the only portion of the intermediate part 
present, e,g.^ in the sub-maxillary and orbital glands of 
the dog and cat, and in the sub-lingual of the rabbit. 
In others, especially in the serous salivary glands, as 
the parotid of man and mammals, the sub-maxillary 
of the rabbit and guinea-pig, and in the mixed salivary, 
as the sub-maxillary and sub-lingual of man, there 
exists after the neck a long intermediate part, which 
gives off several shorter or longer branches of the 
same kind, all ending in alveoli. 

243. The alveoli or acini are the essential 
or secreting part of the gland ; they are flask-shaped, 
club-shaped, shorter or longer cylindrical tubes, more 
or less wavy, or if long, more or less convoluted; 
many of them are branched. Generally several open 
into the same intermediate part of a salivary tube. 
The acini are much larger in diameter than the 
intermediate part, and slightly larger, or about as 
large as the intralobular ducts, But there is a dif- 
ference in this respect between the acini of a serous 
and a mucous salivary gland ; in the former the acini 
are smaller than in the latter. 

The membrana propria of the intermediate duct 
is continued as the membrana propria of the acini. 
This is a reticulated structure, being in reality a basket- 
shaped network of hyaline branched nucleated cells 
(Boll). The lumen of the acini is minute in the 
serous, but is larger in the mucous glands ; it is 
in both glands smaller during secretion than during 
rest. 

244. The epithelial cells lining the acini are 
called the salivary cells; they are of different 
characters in the different salivary glands, and chiefly 
determine the nature of the gland. The cells are 
separated from one another by a fluid albuminous 
cement substance. (1) In the serous or true salivary 
glands, as parotid of man and mammals, sub-maxillary 
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of rabbit and guinearpig, the salivary cells form a 
single layer of shorter or longer columnar or pyra- 
midal albumiiioua cells, co'mposed of a densely reticu- 
lated protoplasm, and containing a spherical nucleus in 
the outer part of the cell. (2) In the mucous glands, 
such as the sub-lingual of the guinea-pig, or the 
admaxillary of the same animal, the cells lining the 
acini form a single layer of goblet-shaped mucous 
cellsy such as have been described in par. 25. Each 
cell consists of an inner principal part, composed of a 
transparent mucoid substance (contained in a wide- 
meshed reticulum of the protoplasm), and of an outer 
small, more opaque part, containing a compressed and 
flattened nucleus. This part is drawn out in a fine 
extremity, which, being curved in a direction parallel 
to the surface of the acinus, is imbricated on its 
neighbours. 

245. In the case of the sub-maxillary and orbital 
glands of the dog, and the sub-lingual of the rabbit, 
there exist, in addition to, and outside of the mucous 
cells lining the acini, but within the membrana propria, 
from place to place crescentic masses, being the d&mi- 
lunes of Heidenhain, or the crescents of Gianu^zzi (see 
Fig. 107). Each is composed of several polyhedral 
granular-looking cells, each with a spherical nucleus ; 
the cells at the margin of the crescent are of course 
thinner than those forming the middle. Heiden- 
hain and his pupils, Lavdovski and others, have 
shown that, during prolonged exhausting stimula- 
tion of the sub-maxillary and orbital of the dog, 
all the lining cylindrical m^ucous cells become re- 
placed by small polyhedral cells, similar to those 
constituting the crescents, while at the same time 
the acini become smaller (Fig. 108). These ob- 
servers maintain that this change is due to a total 
destruction of the mucous cells, and a replacement 
of them by new ones, derived by multiplication 
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from tiie crescent cells. This k improbable, since, 
during ordinary conditions of secretions, there is no 
disappearance of the mucous cells as such ; they change 
in size, be- 
coming larger 
during secre- 
tion, and their 
contents aje 
converted into 
' perfect mucus. 
It is pi'obable 
that, on pro- 
lon^d eiihaus- 
tive stimula- 
tion, the mucous 
cells collapse 
into the small 
cells, seen by 
Heidenhain and 
his pupils. 

stimulation. 246. The 

ThsBcimttrelineanttbEraftiismnuUirKLii. . . ... 

iiaviigTiiiii.) acini 01 the 

8ub-lingual of 
the dog are ^ain different in structure both from those 
of the sub-maxillary of the dog and of the sub-lingual 
of the guinea-pig, for the acini are there lined either 
with mucous cells or with columnar albuminous celb, 
or the two kinds of cells follow one another in IM 
mme alveohta. 

This gland is a sort of intermediate form be- 
tween the sub-lingual of man and the sub-maxillary 
of man and ape, these are the mixed or mnco-salivary 
glands. In these the great number of acini are 
serous, i.e., small, with small lumen, and lined with 
albuminous cells, whereas there are always present 
a few acini exactly like those of a mucous gland. 
The two kinds of acini are in direct continuitiy with 
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one another. In some conditions there are only very 
few mucous acini to be met vith within tlie lobule, 
so few sometimea that they seem to be altogether 
absent ; in others they are numerous, but even under 
most favourable conditions form only a fraction of the 
number of the serous acini. In .the sub-lingual of 
man they are much more frequent, and for this reason 
this gland possesses a great resemblance to the sub- 
lingual of the Aq^. 

What appears to be crescents, in the mucous acini 



of the human gland a 
cells lining the acini 
mucous and serous part of the same gland-tube. 

247. The columnar salivary cells lining the acini 
of the sub-maxillary of the gninea-pig in some condi- 
tions show two distinct portions, an outer homogeneous 
or slightly and longitudinally striated substance, aud 
an inner, more transparent, granular-looking part, and 
in this respect the cells resemble those of the pancreas. 
(See a future chapter.) 

Langley has shown (Fig. 109) that during the 
period prepai-atory to secretion the cells lining the 
acini of the serous salivary glands become enlarged 
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and fiUed with coarse granules ; during secretion these, 
granules become used up, so that the cell-substance 
grows more transparent, beginning from the outer 
part of the cell and gradually advancing towards the 
lumen of the acini. 

248. Blood-vessels and lymphatics. — ^The 
lobules are richly supplied with blood-vessels. The 
arteries break up into numerous capillaries, which 
with their dense networks surround and entwine the 
acini. Between the interalveolar connective tissue 
carrying the capillary blood-vessels and the membrana 
propria of the acini exist lymph spaces surrounding 
the greater part of the circumference of the acini 
and forming an intercommunicating system of spaces. 
They open into lymphatic vessels accompanying the 
intralobular ducts, or at the margin of the lobule 
directly empty themselves into the interlobular 
lymphatics. The connective tissue between the lobes 
contains rich plexuses of lymphatics. 

249. The nerve-brandies form plexuses in 
the interlobular tissue. In connection with them are 
larger or smaller ganglia. They are very numerously 
met with in the sub-maxillary, but are absent in the 
parotid. Some ganglia are present in connection with 
the nerve-branches surrQunding the chief duct of the 
sub-lingual gland. 

Pfliiger maintains that the ultimate nerve-fibres 
are connected with the salivary cells of the acini iu 
man and mammals, but this remains to be proved. 
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CHAPTER XXIIT. 

THE MOUTH, PHARYNX, AND TONGUE. 

250. The glands. — Into the cavity of the 
mouth and pharynx open very numerous minute 
glands, which, as regards structure and secretion, 
are either serous or mucous. The latter occur in 
the depth of the mucous membrane covering the 
lips, in the buccal mucous membrane, in that of the 
hard palate, and especially in that of the soft palate 
and the uvula, in the depth of the mucous membrane 
of the tonsils, at the back of the tongue, and in the 
mucous membrane of the pharynx. The serous 
glands are found in the back of the tongue, in close 
proximity to the parts containing the special organs 
for the perception of taste — ^the taste goblets or buds 
(see below). AU the glands are very small, but 
when isolated they are perceptible to the unaided eye 
as minute whitish specks, as big as a pin's head, or 
bigger. The largest are in the lips, at the back of 
the tongue and soft palate, where there is something 
like a grouping of the alveoli around the small branches 
of the duct, so as to form little lobules. 

251. The chief duct generally opens with a narrow 
mouth on the free surface of the oral cavity; it 
passes in a vertical or oblique direction through the 
superficial part of the mucous membrane. In the 
deeper, looser part (submucous tissue) it branches 
in two or more small ducts, which take up a number 
of alveoli. Of course, on the number of minute ducts 
and alveoli depends the size of the gland. 

In man, all ducts are lined with a single layer of 
columnar epithelial cells, longer in the larger than 
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in the smaller ducts; in mammals, the epithelium 
is a single layer of polybedntl ceils. Mo fibrillation 
is noticeable in the epithelial cells. At the transition 
of the terminal ducts into the acini there is occasion- 
ally a slight enlargement, called the in/undibulum ; 
here the granular- 
looking epithelial 
cells of the duct 
change into the 
columnar transparent 
mucous cells lining 
the acini 

252. The acini 
of these glands are 
identical with those 
of the mucous glands 
described above (Fig. 
UO)—e.g,, the sub- 
lingual gland, as re- 
gards size, tubular 
branched nature, the 
lining epithelium, and 

In some instances 
I (as in the soft palate 
and tongue) the duct 
near the i 

- =,.«v«„„.- « uur. „u™.,LUMu.,. ' *'** 

poijiwd™! ttiit. (Xiin,)' columnar epithelium. 

The stratified epithe- 
lium of the surface is generally continued a short dis- 
tance into the mouth of the duct. 

253. The serous gliuids at the root of the 
tongue (von Ebner) differ from the mucous chiefly 
in the epithelium, size, and lumen of the acini. These 
are of exactly the same nature and structure as those 
of tlie serous or true salivary glands. 
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Saliva obtained from the mouth contains num- 
bers of epithelial' scales, detached from the surface 
of the mucous membrane, groups of bacteria and 
micrococci, and lymph-corpuscles. Some of these are 
in a state of disintegration, while others are swollen 
up by the water of the saliva. In these therie are 
contained numbers of granules in rapid oscillation, 
called Brownian molecular movement. 

254. The mucous membrane lining the cavity 
of the mouth consists of a thin membrane covered on 
its free surface with a thick stratified pavement epi- 
thelium, the most superficial cells being scales, more 
or less changed into horn. 

Underneath the epithelium is a somewhat dense 
feltwork of fibrous connective tissue, with numerous 
elastic fibrils in networks. This part is the corium or 
mticosa, and it projects into the epithelium in the 
shape of cylindrical or conical papilloB, 

According to the thickness of the epithelium, the 
papillae differ in length. The longest are found where 
the epithelium is thickest, e.g., in the mucosa of the 
lips, soft palate, and uvula. 

Numerous lymph-corpuscles are found in the 
mucosa of the palate and uvula. Sometimes they 
amount to diffuse adenoid tissue. The deeper part of 
the mucous membrane is the syhmucosa. It is looser 
in its texture, but it also is composed of fibrous con- 
nective tissue with elastic fibrils. The glands are 
here embedded ; adipose tissue in the shape of groups 
of fat cells or continuous lobules of fat cells are here 
to be met with. The large vascular and nervous 
trunks pass to and from the sub mucosa. 

255. Striped muscular tissue is found in 
the submucosa. Of the lips, soft palate, uvula, and 
palatine arches, it forms a very conspicuous portion, 
the sphincter orbicularis, with its outrunners into 
the mucous membrane of the lips, the muscles of 
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the palate and uvula (levator and tensor palati), and 
the arcus palato-pharyngeus, and palato-glossus. 

256. The last branches of the arteries break up in 
a dense capilla/ry network on the surface of the mucosa, 
and from it loops ascend into the papillae. Of 
course, fat tissue, glands, and muscular tissue re- 
ceive their own supply. There is a very rich plexus 
of veins in the superficial part of the mucosa. They are 
conspicuous by theii* size and the thinness of their wall. 

The lymphcUics form networks in all layers of the 
mucosa, including the papillae. The large efferent 
trunks are situated in the submucosa. The last 
outrunners of the nerve branches form a plexus qfnon- 
medvllated fibres in the superficial layer of the mucosa, 
whence numerous primitive fibrillce ascend into the 
epithelium to form networks. Meissner's tactile cor- 
puscles have been found in the papillae of the lips and 
in those of the tongue. 

257. In the pharynx the relations remain the 
same, except in the upper or nasal part, where 
we find many places covered with columnar ciliated 
epithelium. As in the palatine tonsils so also here, 
the mucosa is infiltrated with diffuse adenoid tissue, 
and with lymph follicles in great numbers. This 
forms the pharyngeal tonsil of Luschka. 

In the palatine tonsil and in the pharyngeal tonsil 
there are numerous crypts leading from the sur- 
face into the depth. This is due to the folding of 
the infiltrated mucosa. Such crypts are, in the 
pharynx, sometimes lined all through with ciliated epi- 
thelium, although the parts of the free surface around 
them are covered with stratified pavement epithelium. 

258. The tongue is a fold of the mucous 
membrane. Its bulk is made up of striped muscular 
tissue (genio-, hyo-, and stylo-glossus ; according to 
direction : longitudinalis superior and inferior, and 
transversus linguae). The lower surface is covered 
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with a delicate mucous membrane, identical in struc- 
ture with that lining the rest of the oral cavity, 
whereas the upper part is covered with a mem- 
brane, of which the mucosa projects over the free 
surface as exceedingly numerous fine and short hair- 
like processes, the joapi^^^Zi/br7?ie«, or sus less nume- 
rous isolated somewhat longer and broader mushroom- 
shaped papillcB fungiforfnes. The papUlse, as well as 
the pits between them, are covered with stratified 
pavement epithelium. Each has numbers of minute 
secondary papillae. Their substance, like the mucous 
membrane of the tongue, is made up of fibrous 
connective tissue. This is firmly and intimately 
connected with the fibrous tissue forming the septa 
between the muscular bundles of the deeper tissue. 
The mucous membrane is on the whole thin. It 
contains large vascular trunks, amongst which the 
plexus of veins is very conspicuous. On the surface 
of the mucosa is a rich network of capillary blood- 
vessels, extending as complex loops into the papillae. 
Lymphatics form rich plexuses in the mucosa and 
in the deep muscular tissue. Adipose tissue is 
common between the muscular bundles, especially at 
the back of the tongue. 

259. There are two varieties of glands present 
in the tongue, the mucous and serous. The latter 
occur only at the back, and in the immediate 
neighbourhood of the taste organs; the mucous 
glands are chiefly present at the back ; but in 
the human tongue there are small mucous glands 
(glands of Nuhn) at the tfp. All the glands at 
the back are embedded between the bundles of 
striped muscular tissue, and thus the movements 
of the tongue have the effect of squeezing out the 
secretion of the glands. About the glands numerous 
nerve bundles are found connected with minute 
ganglia. 
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At the root of ttie tongue the mucoiis membrane 
is much thicker, and contains in ita mucoea numeroua 
l^mph folticlea and diffuse adenoid tissua Thoa 



;, IIL— FTom ■ TerUcal aeotioa throiwh t, CirciUD'alUte Psnilte 
<sX tha Tongna ot & Child. 

thf jnurnuBinijnihMneiitbetEroiio.sliMat;,, ibe pUtirtHwn" l?r (i>W 

I knot-like or fold like prominences of the 
mucosa are pi-oduced. There are also minute pite or 
crypts leading into the depth of these prominences. 

260. The papillre circumvallatK (Fig. Ill) 
are large papillfe fungi formes, each surrounded by a fold 
of the mucosa. They contain taste gobleta or buds — 
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i.e., the terminal taste organs. At the margin of the 
tongue, in the region of the circumvallate papUlee, 
there are always a few permanent folds, which also 
contain taste goblets. In some domestic an i mala 
these folds assume a definite organisation — e.g., in the 
rabbit there is an oval or circular organ composed of 
numbers of parallel and permanent folds, papUla: 
foliatm. The papillse fungiformes of the rest of the 
tongue also contfon in some places a taste goblet. But 
most of the taste goblets are foimd on the papillae cir- 
cumvallatfe and foliatte. In both kinds of stpuctures 
the taste goblets are placed in several rows close roiind 
the bottom of the pit, separating, in the [>apill(e 
cireumvallatee, the papill» fungiformes from the fold 
of the mucosa surrounding 
it : in the papillie foliatfe 
the pits are represented by 
groves sei>arating the indi- 
vidual folds from one 
another. 

261. The taste gob- 
lets or taste buds are 
barrel - or flask - shaped 
structures (Fig. 112), ex- 
tending in a vertical di- 
rection through the epi- 
thelium, from the free 
surface to the mucosa. 
Each is composed of a 
layer of flattened epithelial 

celK elongated m Ih. di- "«■ "i-wSaSSi*"*"- 
rection of the goblet ; these ,. -ms hMe or ibe gobiet nsit tiie 
are the tegmental cells. "pltnlSim Su^5iS^(mi«.° 
The interior of the goblet 

is made up of a bundle of spindle-shaped or staff- 
shaped taste cells. Each includes "an oval nucleus, 
and is drawn out into an outer and an inner fine 
jr— I 
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extremity. The former extends to the free surface, 
projecting just through the mouth of the goblet, 
and resembles a fine hair; the latter is generally 
branched, and passes towards the mucosa ; there, 
probably, it becomes connected with a nerve-fibre, the 
mucosa of these parts containing rich plexuses of 
nerve-fibres. 

Into the pits surrounded by taste goblets open the 
ducts of the serous glands only (von Ebner). 



CHAPTER XXIV. 

THE (ESOPHAGUS AND STOMACH. 

262. I. The cesophai^ns* — Beginning with the 
oesophagus, and ending with the rectum of the large 
intestine, the wall of the alimentary canal consists of 
an inner coat or mucous membrane, an outer or mus- 
cular coat, and outside this a thin fibrous coat, which, 
commencing with the cardia of the stomach, is the 
serous covering, or the visceral peritoneum. 

The epithelium lining the inner or free surface of 
the mucous membrane of the oesophagus is a thick, 
stratified, pavement epithelium. 

In Batrachia, not only the oral cavity and. 
pharynx, but also the oesophagus, are lined with 
ciliated columnar epithelium. 

The mucous membrane is a fibrous connective 
tissue membrane, the superficial part of which is 
dense — the mucosa; this projects, in the shape of 
small papillae, into the epithelium. 

The deeper, looser portion of the mucous membrane 
is the suhmucoaa ; in it lie small mucous glands, the 
ducts of which pass in a vertical or oblique direction 
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through tbe mucosa, in order to open on the free sur- 
fece. In man, these glands are comparatively scarce ; 
in carnivorous animals (dog, oat) they form an almost 
continuous layer (Fig. 113). 

263. Between the mucosa and Biibmucosa are 
longiludinal bandies of non-striped muscular tissue. 



R(r. 113.— PromaLongitndiir 



At the beginning of the (Esophagiia they are absent, 
but soon make their appearance — at first as small 
bundles separated from one another by masses of con- 
nective tissue ; but lower down, about the middle, 
they form a continuous stratum of longitudinal 
bundles. This is the iMMealaTia m,ueo»ce. 
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Outside the snbmuoofia is the mnacnlaris externa. 
This consists of a thicker inner ciiciJar and an enter 
thinner longitudinal coat. And outside this is the out^r, 
or limiting, fibrous coat of the cesophagus. In man, 
the outer muscular coat oonsistB of non-striped muscu- 
lar tissue, except at the beginning (about the upper 
third, or less) of the oesophagus, which is composed 
of the striped variety ; but in manj mammals almost 
the whole of the external muscular coat^ except the 
part nearest the cardia, is made up of striped fibres. 

264. The large vessels pass into the submucosa, 
whence their finer branches pass to the surface parta 
The superficial part of the mucosa and the papillse 
contain the capillary networks. The outer muscular 
coat and the muscularis mucosae have their own 
vascular supply. 

There is a rich plexus of lymphatics in the mucosa, 
and this leads to a plexus of larger vessels in the sub- 
mucosa (Teichmann). The nerves form rich plexuses 
in the outer fibrous coat; these plexuses include 
numerous ganglia. A second plexus of non-medullated 
fibres lies between the longitudinal and circular mus- 
cular coat ; a few ganglia are connected with this 
plexus. In the submucosa are also plexuses of non- 
medullated fibres. Now and then a small ganglion is 
connected also with this plexus. 

265. II. The stomach. — Beginning with the 
cardia, the mucous membrane of the stomach is covered 
with a single layer of beautiful thin columnar epithelial 
cells, most of which are mucus-secreting goblet cells. 
On the surface of the mucous membrane of the stomach 
open numerous fine ducts of glands, placed very closely 
side by side. These extend, more or less vertically, as 
minute tubes, into the depth of the mucous membrane. 
In the pyloric end, where the mucous membrane 
presents a pale aspect, the glands are called the pyloriis 
(jflands; in the rest of the stomach, whose mucous 
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membrane presents a reddish or red-brown appear- 
ance, they are called the peptic glands. Owing 
to the very numerous fine ducts opening on the 
surface of the mucous membrane, the tissue of this 
latter appears on a vertical section to be made up 
of thinner or thicker folds, or villi — plicae villosse. 
But they are not real villi 

The part of the mucous membrane containing 
the glands is the mucosa ; outside this is a loose con- 
nective tissue containing the large vessels— this is 
the suhmucosa. Between the two, but belonging 
to the mucosa^ is the muscularis mucosce, a thick 
stratum of bundles of non-striped muscular tissue, 
arranged in most parts of the stomach as an inner 
circular and an outer longitudinal layer. The tissue 
of the mucosa is dense, owing to its containing, 
placed closely side by side, the gland tubes. Be- 
tween them is a delicate connective tissue, in which 
the minute capillary blood-vessels pass in a direction 
vertical to the surface. Numerous small bundles 
of non-striped muscular fibres pass from the mus- 
cularis mucosae towards the surface — ^up to near the 
epithelium of the surface — forming longitudinal mus- 
cular sheaths, as it were, around the gland tubes. 

The plicae villosae of the superficial part of the 
mucosa contain fibrous connective tissue and numerous 
lymphoid cells. 

266. The peptic g^lands (Fig. 114) are more or less 
wavy tubes, extending down to the muscularis mucosae. 
The deep parfc is broader than the rest, and is more 
or less curved, seldom branched. This is the fundus of 
the gland; near the surface of the mucosa is the 
thinnest part of the tube; this is the neck. Two 
or three neighbouring glands join and open into 
the short cylindrical dv^ct mentioned above. The 
duct is lined with a layer of columnar epithe- 
lial cells, continuous and identical with those of the 
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free surface of tlie mucona membrane. Thn cavity of 
the duct is continued as a very fine canal into the 
neck and through the rest of tlie gland tube. Kext 



Pig. 11*.— pBptio Qlaufla. 

to the lumen is a continuous single layer of more or 
less transparent, granular-looking, epithelial cells, 
each with a reticulated protoplasm and a spherical or 
slightly oval nucleus. In the neck tliese cells are 
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polyhedral, but farther downwards increase to cylin- 
drical cells, and in the fundus of the gland tube they 
are long columnar. This layer of cells bordering the 
lumen is the layer of ddaf , 

eelh (Heidenhain.) Outside 
them is the limiting mem- 
brana propria of the gland 
tube. But from place to 
place, between the mem- 
brana propria and the chief 
cells, are nngle oval sphe- 
rical or angular large 
granular and opaque-look- 
ing cells, called the pariettd 
eeUa (Heidenhain). These 
are more numerous in the 
neck than in any other 
part of the gland ; at the 
fundus they are few and 
far between, whereas at 
the neck they form almost 
ft continuous layer. Their 
piwtoplasm ia densely reti- 
culata. 

267. The pyloric 
Klands (Fig. 115).— The 

c??(c( of each pyloric gland rfe^ lis,— From iTertdealSeotion 
is Beyeral times longer than ^^ ^1^™ d™*^ 
in the peptic. The duct of Btomach. 
the former occupies in ''^a,7'i^octni'aSoei%?th?gw 
some places as much as "^"£1.'' ""' ""«'''•"' "i"™™- 
half of the thickness of the 

mucosa, whereas that of the latter does not exceed 
in the fundus of the stomach or in the cardia, more 
than one-fourth or one-fifth of the tliickness. 

The epithelium lining the duct of the pyloric 
glands is the same as in that of the peptic. Each 



200 Elements of Histology, [Chap. xxiv. 

duct takes up two or three tubes by their shorty 
narrow, thin neck. The main part of each gland tube 
is convoluted and slightly branched. The neck is lined 
with a layer of polyhedral cells, whereas the gland 
tube has a lining of columnar transpai'ent cells, and 
its lumen is very conspicuous. 

During exhaustion these cells are smaller and less 
transparent than during secretion. Their protoplasm 
in the former state is a denser reticulum than in the 
latter, the transparent interstitial substance in the 
meshes of the cell reticulum being increased in amount 
during secretion. 

The cells are serous, not mucous, and the se- 
cretion of the glands cannot therefore be mucous. 
According to Ebstein the secretion is pepsin, and 
so he and Heidenhain consider the pyloric glands 
as simple peptic glands. But this view is not generally 
accepted. 

Between the mucous membrane with peptic 
glands and the pyloric end of the stomach with 
pyloric glands there is a narrow intermediary zone, 
in which the peptic glands appear by degrees to 
merge into the pyloric glands. That is, the short duct 
of the former gradually elongates, the gland tubes 
get shorter in proportion and convoluted, their 
lumen gradually enlarges, and the parietal cells 
become fewer and ultimately disappear. 

268. The mucosa contains isolated lymph follicles, 
glandulse lenticulares, and in the pyloric part also 
groups of these — ^glandulae agminatse. 

The submucosa is of very loose texture, and enables 
the mucosa to become easily folded in all directions. 

The mu^cuh/r coat is very thick, and consists of 
an outer longitudinal and an inner thicker circular 
stratum of non-striped muscular tissua Numerous, 
oblique bundles are found in the inner section of the 
circular stratum. 
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The gland tubes are ensheathed in a longitudinal 
network of capillary blood-vessels derived from arteries 
of the submucosa. This network forms on the surface 
a special dense horizontal layer, from which the venous 
branches are derived. The outer muscular coat and the 
muscularis mucosae possess their own vascular supply. 

269. The lymphatics form a network in the 
mucosa near the fundus of the glands. Into this 
plexus lead lymphatics running longitudinally between 
the glands anastomosing with one another freely, and 
extending to near the surface (Lov^n). Another 
plexus belongs to the submucosa. 

Between the longitudinal and circular stratum of 
the outer muscular coat, and extending parallel to the 
surface, is a plexus of non-medullated nerve-branches 
with a few ganglia in its nodes. This corresponds to the 
plexus of Auerhach of the intestine, and is destined 
for the outer muscular coat. A second plexus of non- 
medullated nerve-branches with ganglia also extending 
parallel to the surface lies in the submucosa. This cor- 
responds to the plexus ofMeissner of the intestine, and 
is destined for the muscularis mucosae and the mucosa. 

According to Rabe, the gastric gland tubes in the 
horse are surrounded by a rich plexus of nerve-fibres, 
terminating in peculiar spindle-shaped cells. 
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THE SMALL AND LARGE INTESTINE. 

270. The epithelium covering the inner or free 
surface of the mucous membrane of the small and 
large intestine is a single layer of columnar cells, their 
protoplasm more or less distinctly longitudinally fibril- 
lated ; their free surface appears covered with a 
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vertically and 
finely striaied 
basilar border. 
Many cells are 
goblet cells. 
Underneath the 
epithelium is a 
f^ow^" basement mem- 
,MVA ^^^^' *^8 sub- 
"" ■■■" epithelial endo- 
thelium of De- 
bo ve (see par. 39). 
Aa in the stomach, bo also 
in the small and large intes- 
tine, the mMcota is connected 
with the outer muscular coat 
by a loose-textured fibrous gvh- 
mucosa, in which lie the lar^e 
vascular trunks, and in many 
places latter or smaller groups 
of fat cells and lymph cor- 
puscles. Between the mucosa 
and Bubmucosa, but belonging 
to' the former, is a layer of 
non-striped muscular tissue, 
the mitsmtlaris WMCotce. This 
is in many places composed of 
inner circular and outer longi- 
tudinal bundles, but there are n 
a good many places, especially 
in the small intestine, where 

only a layer of longitudinal pjo, ii7._From & veitia] 
bundles can be made out. M™b™r"'5''S^"L™e 

The ti!<sue of the mucosa is lobeetiDe <A Dog. 
similar in structure to adenoid '';.J5t»'or™hSiIo5iS'"ToKir 
tissue (Fig. 116), consisting of E!fi^'Sifir»iS'/rof^i'uSt 
a reticular matrix with flat^ S^S™"^'iuScoBfc"iA'tiM.') 
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tened large nucleated endotheloid cells and numerous 
smaller lymph corpuscles. The mucosa of the small 
and large intestine contains simple gland tubes, the 
crypts or /ollicle§ of lAeberhiihn (Fig, 117); they 
are placed vertically and closely side by side, extend- 



ing from the free surface, where they open, to the 
muscularis mucoste. These glands possess a large 
lumen, and are lined with a single layer of columnar 
epithelial cells, many of them goblet cells. 

271. In the small- intestine the tissue of the 
mucosa projects beyond the general surface in the 
shape of very numerous fine, longer or shorter, cylin- 
drical, conical or leaf-shaped viUt (Fig. 118). These 
are, <^ course, covered with the columnar epithelium 
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of the general surface, and tLeir tissue ia the same as 
that of the mucosa — i.e., adenoid tissue — with the 
addition of: (a) One or two central wide chyle (lymph) 
vessels (see Fig. 120), their wall being a single layer 
of endothelial plates. Ifi) Along these chyle vessele 
are longitudinal bundles of non-striped muscular tissue, 
extending from the base to the apex of the villus, 
terminating in connection with the cells of the base- 
ment membrane — i.e., the subepithelial endothelium, 
(c) A network of 
capillary blood- 
vessels extending 
over the whole of 
the villus close to 
the epithelium of 
the surface (Fig. 
119). This capil- 
lary network de- 
rives its blood 
from an artery in 
about the middle 

Fig. 119.-Prom » Vertical Se.ti™ U„„«gh "^ "PP^"" gf"^ °* 

fliB Small Intestine ol Monse; the Blood- thevillus. Twove- 

TessBla BTe injected. noUS vessels carrV 
The nelBorti ot ihe ciplllMles of the tHH are j.i. l i j 

weu shown. wii«.i away the blood 

from the villus. 

The lieberktihn's crypts open between the bases of 
the vilE 

At the sides of the villi of the small intestine, 
and at the sides of the plicte villoste of the stomach 
(see a former chapter), there exist amongst the epithe- 
lium of the surface peculiar goblet-shaped gronps of 
epithelial cells, which, as Watney has shown, are due 
to local multiplication of the epi^elial cells. 

272. Lymph follicles occur singly in the submucc«a, 
and extend with their inner part or summit through 
the muscularis mucosaa into the mucosa to near the 
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internal free surface of the latter (Fig. 120). These 
are the golitary lympkfollideg of the small and large 
intestine ; in the latter they are larger than in the 
former. 

Agminated glands, or Peyer'a glande, are larger or 
smaller groups of lymph follicles, more or less fused 



Fig. ISO.— From a. Section tbioi^h a. wot ol t. Hnmui Farer'a Ffttoh, 
BhowinK tlie disti^butioii ol tha Lympliatic Vessels in Uie Uasoea 
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E. Villi, with ceotnl rtajFlETMsel ; t, I,ielif rkOlin't en Pta i >, region of miiaculsrii 
lolllcle/l. IjigpiHlc neliriirlL'at Ibe aubiuuniui t, in eSereat l]ini]&Uo 

with one another, and situated with their main part 
in the submucosa, but extending with their summit 
to the epithelium of the free surface of the mucosa. 
In the lower part of the ileum these Peyer's glands 
are very numeroua The epithelium covering the 
summits of these lymph follicles is invaded by, and 
more or less replaced by, the lymph corpuscles of tLa 
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adenoid tissue of the follicles (Watney), similar to 
what is the case in the tonsils (see par. 124). 

The outer muscular coat consists of an inner thicker 
circular and an outer thinner longitudinal stratum of 
non-striped muscular tissue. 

In the large intestine, in the "ligamenta," only 
the longitudinal layer is present, and is much thickened. 

273. The blood-vessels form separate systems of 
capillaries for the serous covering, for the outer mus- 
cular coat, for the muscularis mucosae, and the richest 
of all for the mucosa with its Lieberkilhn's crypts. 
The capillary network of the villi is connected with 
that of the rest of the mucosae. 

The chyle vessel, or vessels of the villi, commence 
with a blind extremity near the apex of the villL 
At the base the chyle vessel becomes narrower, and 
empties itself into a plexus of lymphatic vessels and 
sinuses belonging to the mucosa, and situated between 
the crypts of Lieberkiihn (Fig. 120). This network is 
the same both in the small and large intestine, as 
is also that of the lymphatics of the submucosa with 
which the former communicates. The lymph follicles 
are generally surrounded with sinuous vessels of this 
plexus. The eflferent trunks of the submucous plexus, 
while passing through the outer muscular coat in order 
to reach the mesentery, take up the efferent vessels of 
the plexus of the lymphatics of the muscular coat. 

The chyle^ composed of granules and globules 
of different but minute sizes, passes from the inner 
free surface of the mucous membrane of the small 
intestine through the epithelium (probably through its 
fluid interstitial cement substance) into the reticulum 
of the villus matrix, and from thence the central 
chyle vessel, and farther into the plexus of vessels 
of the mucosa and submucosa. . 

Owing to the peripheral disposition of the 
capillaries in the villi, and owing to the greater 
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filling with blood of the capillaries during digeGtion, 
th» villi are thrown into a stote of turgeecence during 
this period, in consequence of which the central chyle 
vessels are kept distended. Absoiption is thuB 
greatly supported. The contraction of the muscular 
tissue of the villi and of the muscular coat of the in- 



lerbach of tbe Small Intestine 



destine greatly facilitates the absorption and discharge 
of the chyle. 

274. The non-medullated nerves form a rich 
plexus, called the the pleoMS Ttiyeniericus of Auerbach 
(Fig. 120a), with groups of ganglion cells in the 
nodes ; this plexus lies between the longitudinal and 
circular muscular coat. Another plexus connected 
with the former lies in the submucous tissue ; this 
is the plexus of Meisaner, with ganglia. In both 
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plexuses the branches are of a very variable tbickness ; 
they are groups of simple axis cjllnders, held together 
by a delicate endothelial sheath. 



CHAPTER XXVL 

THE GLAKDS OF BRUNNER, AND THE PANCREAS. 

275. At the passage of the pyloric end of tie 
stomach into the duodenum (Fig. 121), and in the tirat 



— Js Membnuie ot the 
t of DuodeDDm, 



The Pahtcreas. 






part of the latter, ie a continuous layer of gland tisBae 
in the submucoso, composed of convolutod, more or less 
branched tubes grouped into lobules, and permeated 
by bundles of non-striped muscular tissue, outrunnere 
of the muscularis mucoste. These are the glands of 
Brunner. Numerous thin ducts lined with a single 
layer of columnar epithelial cells pass through the 
mnooso, and open into the crypts of Lieberkithn be- 
tween the bases of the villi. The gland tubes of 
Brunner's glands are identical in structure with the 
pylarie glands, with which they Jbrm a direct ana- 
tomical continuity. 

376. The paacreas (Fig. 122) is in most respects 
identical in struc- 
ture with a serous 
or true salivary 
gland The connec- 
tive tissue frame- 
work, the distribu- 
tion of the blood- 
vessels and lym- 
phatics, and of the 
gland tissue in lobes 
and lobules, with the 
corresponding inter- 
and intra - lobular 
ducts, is similar in 
both caaes. The 
epithelium lining 
the latter ducts is 

only faintly striated. Fig. 12a.— From a. Section tbrontcli tlM 

not by any means Puio™io(i»g. 

3-.- .] «,The ulTMll Itnbeil ol tto glMfl; llw llolw 

the salivary tubes. <aii«.> 
The alveoli or acini 

are club-shaped, flask-shaped, shorter or longer cylin- 
drical, and convoluted, 
0—1 
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277. The intermediary part of the duct and its 
passage into the alveoli is the same as in the 
salivary glands. The cells lining the alveoli are 
columnar or pyramidal, and show an outer homo- 
geneous, or faintly and longitudinally striated zone 
(Langerhans, Heidenhain), and an iimer more tran- 
sparent granular-looking zone. The nucleus of the 
oell is spherical, and lies in about the middle. According 
to the state of secretion the two zones vary in amount, 
one at the expense of the other. 

The lumen of the alveoli is very minute, and 
in the beginning of the alveoli,, t.6., next to the 
intermediary part of the duct, are seen spindle-shaped 
cells occupying the lumen, the c&nJt/roacnmmja cells of 
Langerhans. 

In the rabbit's pancreas Kiihne and Lea have 
shown that there are peculiar accumulations of cells 
between the alveoli, which are supplied with veritable 
glomeruli of capillary blood-vessels. 



CHAPTER XXVII. 

THE LIVER. 

278. The outer surface of the liver is covered with 
a delicate seroiis merribrane^ the peritoneum, which, 
like that of other abdominal organs, has on its free 
surface a layer of endothelium. It consists chiefly of 
flbrous connective tissue. 

At the hilum or porta hepatis this connective 
tissue is continued into the interior, and becomes one 
with the connective tissue of the Glisaon^s capstde, or 
the interlobulcMT cminective tissvs (connective tissue 
of the portal canals). This tissue is flbrous, and 
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more or lees lamellated; by it the substance of 
the liver is subdivided into aumerous, more or less 
polyhedral, solid lobulM maaini (Fig. 123), each about 
,'jth of an inch in diameter. According to whether 
the iuterlobulai 
tissue fonuB com- 
plete boundaries 
or not, the acini 
appear well de- 
fined from one 
another (pig, ice- 
bear), or more or 
less fused (man 

animals and ro- 
dents). 

Within each 
acinus there is 
only very scanty 

connective tissue. Tic, l!S.~From » SeeUon thpongh Uie LItot 
in ttia oliov-n nf °' ^- *■"'• lobol" •■" ilioira. They ara 
in the Bbape Ot ^^ «,pmted from one uotW bj tliB 

extremely delicate intwiobuiK tisme. 
bundles and flat- '' KSo&u£iiiSSE»"iiSi,l'I!^e b?JShciE( SS 
tened connective- E^dn«nTin»^t=^o"«"r2Tito!''uiSlS 
tissue cells. Occa- 
sionally, especially in the young liver, migratory 
celb are to be met with in the acini and in the tissue 
between them. 

279. The vena portte having entered the hilum 
gives off rapidly numerous branches, which follow the 
interlobular tissue in which they are situated, and 
they form rich plemiaes around each acirms ; these are 
the irUerlohula/r veins (Fig. 124). Numerous capillary 
blood-vesaels are derived from these veins. These 
capillaries pass in a radiating direction to the centre 
of the acinus, at the saine time anastomosing with 
one onot^r by numerous transverse branches. In the 
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centre of the acinus the capillariea become con- 
flueut into one lai^ vein, the central or irUraloindar 
vein. The intralobular veins of several neighbouring 
acini join so as to form the sublobuiar veins, and 
these lead into the efferent veins of the liver, or 



Fig. 1S4.— From a Vertical Section thmish' the Liver of Babbit ; tba 

Bload-vD9HelB asd Bae-veaasU injected. 

•, InlerHmulu-TBlna .nrmunflefl by inwrlobul.r blK-ductBi thMelWlur Wkeup 

the hepatic veins, which finally paaa into the vena 
cava inferior. 

280. Tlie substance of each acinus — i.e., the 
tissue between the capillary blood-vessels — is com- 
posed of uniform polygonij protoplasmic epithelial 
cells, of about ytos*^ ^^ ^"- '^^'^^ i" diameter ; these 
are the liver cells. Owing to the peculiar, more or 
less radiating, arrangement of the capillaries, the liver 
cells appear to form columns or cylinders, also more 
or less radiating from the periphery toward* the 



ciBip.xxvii.] The Liver, 213 

centre of the aciima. Sometimes the liver cells contain 
minute pigment granules. 

Each liver cell shows a more ot leas fibrillated and 
reticulated protoplasm (Kupfer), and in the centre a 
spherical nuclens with its reticulum, generally with 
one or more nucleoli. 
During activity the 
liver cells are lai^iier 
and look more gran- 
ular than after 
action. 

The liver cells 
are joined with one 
anoUier by an albu- 
minous cement sub- 
stance, in which are 
left fine channels ; 
these are the hile 
capillaries, ( ^ ___^ 

lobt^lar bile vessels h&d been injected » more Itighly magiiiflfld 
(Fig. 125). In ■ .Sr»"*«t,™ ...«.„.««.,■„ 

successfully injected 'ur welf ^u"" " nuclMled [iol»gon»( cellt, 

preparation, the tiiooi-veMei.. i*liu.i 
liver cells appear 

separated everywhere from one another by a bile 
capillary, and l/iese Jbrm /or the wliole acinus a con- 
timunti intercommunicating network of minute 
channels. Where the liver cells are in contact with 
a capillary blood-vessel, there, of course, are no bile 
capillaries, since these exist only between liver cells. 

281. At the mai^n of the acinus the bile capil- 
laries are connected with the lumen of minute tubes; 
these possess a menjbrana propria and a lumen lined 
with a single layer of transparent polyhedral epithelial 
cells. These are the wmall interlohular bile ducts 
(Fig. 124), Their epithelial cells are in reality con- 
tinuous with the liver cells. They join bo aa to form 
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the la/rger interlobular bile ducts, lined with more or less 
columnar epithelium. The first part of the bile duct 
lined with polyhedral cells corresponds to the inter- 
mediary part of the ducts of the salivary glands. 
The interlobular bile ducts form networks in the inter- 
lobular tissue. Towards the hilum they become of 
great diameter, and their wall is made up of fibrous 
tissue, with non-striped muscular tissue. SmaU 
mucus-secreting glands are in their wall, and open 
into their lumen. 

The wall of the hepatic duct, and of the gall 
bladder, are merely exaggerations of this structure. 

282. The hepatic artery follows in its ramification 
the interlobular veins. The arterial branches form 
plexuses in the interlobular tissue, and they supply 
the capillary blood-vessels of the interlobular con- 
nective tissue, and especially of the bile ducts. The 
capillary blood-vessels of the bile ducts join so as 
to form small veins which finally empty themselves 
into the interlobular veins. The anastomoses of the 
capiUary blood-vessels, derived from the arterial 
branches, directly with the capillary blood-vessels of 
the acini, are insignificant (Cohnheim and Litten). 
The serous covering of the Hver contains special 
arterial branches — rami capsulares. Networks of lym- 
phatics — deep h/mphatic8 — are present in the inter- 
lobular connective tissue, forming plexuses around 
the interlobular blood-vessels and bile duct^, and 
occasionally forming a perivascular lymphatic around 
a branch of the hepatic vein. Within the acinus, 
the lymphatics are represented only by spaces and 
clefts existing between the liver cells and capillary 
blood-vessels; these are the intralobular lymphatics 
(Macgillivry, Frey, and others). They anastomose 
at the margin of the acinus with the interlobular 
lymphatics. 

In the capsule of the liver is a special network 
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of lymphatics, called the auperfidal lymphatics. 
Numerous branches pass between this network and 
those of the interlobular lymphatics. 



CHAPTER XXVIIL 

THE ORGANS OF RESPIRATION. 

283. I. The larynx. — ^The supporting frame- 
work of the larynx is formed by cartilaga In the 
epiglottis the cartilage is elastic and reticulated, 
i.e., the cartilage plate is perforated by numerous 
smaller and larger holes. The cartilages of Santorini 
and Wrisbergii, the former attached to the top of 
the arytenoid cartilage, the latter enclosed in the 
aryteno-epiglottidean fold, are also elastic. The 
thyroid, cricoid, and arytenoid cartilages are hyaline. 
All these are covered with the usual perichondrium. 

A small nodule of elastic cartilage is enclosed in 
the front part of the true vocal cord. This is the 
cartilage of Luschka. 

The mucous membrane lining the cavity of the 
larynx (Fig. 126) has the following structure : — 

The epithelium covering the free surface is 
stratified colv/mnar ciliated^ t.6., the most superficial 
layer is made up of conical cells with cilia on their 
surface ; then .between the extreviities of these cells 
are wedged in spindle-shaped and inverted conical cells. 
Numerous goblet cells are found amongst the superficial 
cells. The two surfaces of the epiglottis and the 
true vocal cord are covered with stratified pavement 
epitheliimi. 

Underneath the epithelium is a basement men.- 
brane separating the former from the mucous mem- 
brane proper. 
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284. The mucouB membrane is delicate connective 
tissue with numerous lymph corpuscles. In the pos- 
terior surface of the epiglottis, in the false vocal cord. 



Fis. ISe.— From a LoDgitadln&l Switjon tliroogh tlie Tsntricls 
otChel-uiiixorBChild, 

and in the lower parts of the larynx, but especially in 
the ventricle, this infiltration amounts to diffuse 
adenoid tissue, and even to the localisation of this 
as lymph follicles. In both surfaces of the epiglottis, 
and in the true vocal cords, the mucosa extends into 
the stratified pavement epithelium in the shape of 
minute papillte. 
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In the lower part of the larynx the mucous mem- 
brane contains bundles of elastic fibres connected into 
networks, and running in a longitudinal direction 
These elastic fibres are found chiefly in the superficial 
parts of the mucous membrane. In the true vocal 
cord the mucosa is entirely made up of elastic fibres 
extending in the direction of the vocal cord 

285. The deeper part of the mucous membrane is 
of loose texture, and corresponds to the sub-mucosa ; 
in it are embedded numerous mucous glands, the ducts 
of which pass through the mucosa and open on the 
free surface. The alveoli of the glands are of the 
nature of mucous alveoli, t.e., a considerable lumen 
lined with a layer of Inucous goblet cells. There are, 
however, also alveoli lined with columnar albuminous 
cells, and such as have both side by side, as in the 
case of the sub-lingual gland of the dog. The ciliated 
epithelium of the surface in some places extends also 
for a short distance into the duct. The true vocal 
cords have no mucous glands. 

The blood-vessels terminate as the capillary net- 
work in the superficial — ».e., sub-epithelial — layer of the 
mucosa; where there are papillae — i.e., in the epiglottis 
and true vocal cord — these receive a loop of capillary 
blood-vessels. The lymphatics form superficial networks 
of fine vessels, and deep submucous networks of large 
vessels. These are of enormous width and size in the 
membrane of the anterior surface of the epiglottis. 
The finer nerves form superficial plexuses of non- 
meduUated fibres. Here, according to Luschka and 
Boldyrew, there are end bulbs. Taste-buds have 
been found in the posterior surface of the epiglottis 
(Verson, Schofield, Davis), and also in the deeper 
parts of the larynx (Davis). 

286. II. Tlie trachea. — The trachea is very 
similar in structure to the lower part of the larynx, 
from which it differs merely in possessing the rings 
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of hyaline cartilage, and in possessii^, in the posterior 
or membnuiouB portion, tArevlar bundlei of non- 



ng. 197.— Tiona LaoKitadiitfl SoBtJon throDgh the Tmohn of m Child. 

Striped muBCit,lar tissue, extending, as it were, between 
the ends of the i-inga. Its component parts are (Fig. 
127) :— 

(a) A stratified columnar ciliated epithelium. 

(b) A basement membrane. 
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(c) A muoosa, with the terminal networks of 
capOlaiy blood-vessels, and infiltrated with adenoid 
tissua 

{d) A layer of longitudinal elastic fibres. 

{e) A loosely-textured submucous tissue, contain- 
ing the large vessels and nerves and small mucous 
glands. Occasionally the gland or its duct is embedded 
in a lymph follicle. 

287. III. The bronchi and the Inngr* — 
The bronchi branch within the lung dendritically 
into finer and finer tubes. The finest branches 
are the terminal bronchi In the bronchi we find^ 
instead of rings of hyaline cartilage, as in the trachea, 
larger and smaller oblong or irregularly-shaped plates 
of hyaline cartilage distributed more or less uniformly 
in the circumference of the walL Towards the small 
microscopic bronchi, these cartilage plates gradually 
diminish in size and number. The epithelium, the 
basement membrane, the sub-epithelial mucosa, and 
the layer of longitudinal elastic fibres, remain the same 
as in the trachea. The submucous tissue contains 
small mucous glands. 

288. Between the s\ib-epithelial mucosa and sub- 
mucosa is a c<yniinuou8 layer of drcula/r non-striped 
mtLsmUvr tissue. In the smaller microscopic bronchi 
this layer is .one of the most conspicuous. By the 
contraction of the circular muscular coat the mucosa 
is placed in longitudinal folds. 

The state of contraction and distension of the 
small bronchi bears an important relation to the aspect 
of the epithelium, which appears as a single layer of 
columnar cells in the distended bronchiole, and strati- 
fied when the bronchiole is contracted. 

The distribution of the blood-vessels is the same 
as in the trachea. Lymph follicles are met with in 
the submucous tissue of the bronchial wall in animals 
and man. 
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The lymphatic networks of the bronchial mucous 
membrane are very conspicuous. Those of the sub- 
mucous tissue, i.e., the peribronchial lymphatics, anas- 
tomose with those surrounding the pulmonary blood- « 
vessels. 

Pigment and small particles can be easily absorbed 
through the cement substance of the epithelium 
into the radicles of the superficial lymphatics, whence 
they pass readily into the (larger) peribronchial lym- 
phatics. 

In connection with the nerve branches in the 
bronchial wall are minute ganglia. 

289. Each terminal bronchiole branches into 
several wider tubes called the alveoh/r ducts, or infundi- 
hula ; each of these branches again into several similar 
ducts. All ducts, or infundibula, are closely beset in 
their whole extent with spherical, or, being pressed 
against one another, with polygonaJ, vesicles — ^the avr- 
cells or alveoli — opening by a wide aperture into the 
alveolar duct or ihfundibulum,but not communicating 
with each other. The infundibula are much wider 
than the terminal bronchioles, and also wider than 
the alveoli. 

290. All infundibula with their air-cells, belonging 
to one terminal bronchiole, represent a conical struc- 
ture, the apex of which is formed by the terminal 
bronchus. Such a conical mass is a lobule of the lung, 
and the whole tissue of the lung is made up of such 
lobules closely aggregated, and arranged as lohea. 
The lobules are separated from one another by delicate 
fibrous connective tissue ; this forms a continuity 
with the connective tissue accompanying the bron- 
chial tubes and large vascular trunks, and with these 
is traceable to the hilum. On the other hand, the 
interlobular connective tissue of the superficial parts 
of the lung is continuous with the fibrous tissue 
of the sui^ace called the pleura pulmonalis. This 
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membrane contains numerous elastic fibres, and 
on the free surface is covered with a layer of endo- 
thelium. 

In some inatances (guinea-pig) the pl^ira pulmo- 
nalis contains bundles of non-striped muscular tisane. 



Fi(r. 128,— From « Swrtiou through the Lui^ol Cat, sWined with Nii™t« 
of SilTer. 

cells llntng am pari of tbe inlundibuluni, the re« wing llnefl wlrti lUHenHl 
IraniiArpnt (pltbeUsl Boilei ; i. tbe sWeoll lined Willi llatlened tpltbeM 

The lobes of the lung are separated from one 
another by large septa of connective tissue — the liga- 
menta pulmonis. 

291. The terminal bronchi contain no cartila^ 



222 Elements of Histology, [Chap.xxviii. 

or mucous glands in their wall. This is made up of 
three coats : (a) a tiny epithelium — a single layer of 
small polyhedral granular-looking cells ; (5) a circular 
muscular coat of non-striped muscular tissue; and 
(c) a Une adventitia of elastic fibres, arranged chiefly 
as longitudinal networks. 

292. Tracing the elements constituting the wall 
of a terminal bronchiole into the infundibula and air- 
cells (Fig. 128), we find the following changes : (a) the 
polyhedral granular-looking epithelial cells forming a 
continuous lining in the terminal bronchiole, are trace- 
able into the inf undibulum only as larger or smaller 
groups; between these groups of small polyhedral 
granular-looking cells large, flat, transparent, homo- 
geneous, nucleated, epithelial scales make their ap- 
pearanca The farther away from the terminal 
bronchiole, the fewer are the groups of polyhedral 
granular-looking cells. In all infundibula, however, 
the transparent scales form the chief lining. This 
becomes still more marked in the air-cells. There 
the small polyhedral granular-looking cells are trace- 
able only singly, or in groups of two or three (Elens), 
the rest of the cavity of the air-cells being lined with 
the large transparent scales. 

In the foetal state all cells lining the infundibula 
and air-cells are of the small polyhedral granular- 
looking variety (Kiittner). With the expansion of 
the lungs during the first inspiration many of these 
cells change into the large transparent scales, in order 
to make up for the increment of surface. A lung 
expanded ad maximum shows much fewer or none of 
the small polyhedral cells ; while a lung that is col- 
lapsed shows them in groups in the infundibula, 
and isolated or in twos or threes in the alveoli. 

293. (6) The circular coat of non-striped muscular 
tissue of the terminal bronchiole is continued as a con- 
tinuous circular coat — ^but slightly thinner — on the 
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alveolar ducts or infundibula, in their whole extent, 
but not beyond them, i.e., not on the air-cells. 

(o) The adventitia of elastic networks ia con- 
tinued on the infundibula, and thence on the alr- 
cella, where they form an ensential part of the wall 
of the alveoli, being its framework. 

Amongst the network of elastic fibres forming 
the wall of the alveoli is a network of branched con- 
nective tissue cells, contained as usual in similarly 
shaped branched lacunae, which are the radicles of 
the lymphatic vessels. 

294. Tbe blood-vessels and Irmptaatlcs.— 
The branches of tbe pulmonary artery and veins 
are contained within the connective tjssue separat- 
ing the lobes and lobules, whence they can be 
traced into 
their finer 
ramifications 
towards the in- 
fundibula and 
flir-cells. Each 
of these latter 
is surrounded 
by a sort of 
basket - shaped 
dense network 
of capillary 
blood - vessels 
(Fig. 129). The 
capillary net- 
works of adja- Fig. 12».— Networki of Ci«illsT7 Blood-Tsssala 

cent alveoli are 1^^?^' ""' ■"™" "' "^^ "-™ ^"«- 

continuous 

with one another, and stand in communication on the 

one hand with a branch of the pulmonary artery, and 

on the other with branches of the pulmonary vein. 

The branches of the bronchial artery belong to the 
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bronchial walls, which are supplied by them with 
capillary networks. 

The lacunae and canaliculi in the wall of the alveoli, 
mentioned above, are the rootlets of lymphatic vessels, 
which accompany the pulmonary vessels, and form a 
network around them ; these are the deep lymphatics, 
or the peri/vascula/r lympliatics. They are connected 
also with the networks of lymphatics surrounding the 
bronchi, i.e., the peribronchial lymphatica. The root- 
lets of the superficial air-cells empty themselves into 
the sub-pleu/rcil plexus of lymphatics, a rich plexus of 
large lymphatics with valves. All these lymphatics 
lead by large trunks into the bronchial lymph glands. 

295. Between the flattened transparent epithelial 
cells lining the alveoli are minute openings, stor^Ua 
(Eig. 128), leading from the cavity of the air-cells into 
the lymph lacunae of the alveolar wall. These stomata 
are mo^ distinct during expansion, i.e., inspiration, 
than in the collapsed state. Inspiration, by its ex- 
panding the lungs, and consequently also the lym- 
phatics, favours greatly absorption. Through these 
stomata, and also through the interstitial cement 
substance of the lining epitheHum, formed particles 
— such as soot particles of a smoky atmosphere, 
pigment artificially inhaled, cellular elements, such 
as mucus or pus corpuscles, that have been car- 
ried into the alveoli from the bronchi by natural 
inspiration, germ-particles, <fec., find their way into 
the radicles of the lymphatics ; thence into the peri- 
vascular and sub-pleural lymphatics, and finally into 
the bronchial gland& 



CHAPTEE, XXIX. 



296. The capsnle enveloping the spleen is a 
serous membrane — tlie peritoneum. It is a ooimectiTe 
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tissue membratie with netwoi-ks ttf elastic fibres, and 
eovered on its free sn rface with an eadotheltnm. Tha 
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deep part of the capsule contains bundles of non-itriped 
mvecular tieiite forming plexuses. In man the bundles 
are relatively thin, but in some mammals — e.^., 
d(^, pig, horse — the^ are continuous masses arranged 
sometimes as a deep longitudinal and a superficial 
circular layer. 

In connection 'with the capsule are the iraheeula . 
(Fig. 130). These are microscopical, thicker or thinner 
cylindrical bands branching and anastomosing, and 
tiiUB malting a framework in which the tissue of 
the spleen is contained. Towards the hilum the 
trabeculie are larger, and tliey form there a continuity 
with the connective tissue of the hilum. They are 
the carriers of the large vascular branches. The 
trabeculie in the human spleen consiEt chiefly of 
fibrous tissue with an admixture of longitudinal non- 
atiiped muscular 
tissue. This is 
more pronounced 
in the dog, horse, 
pig, guinea-pig, in 
which the trabe- 
cule are chiefly 
composed of non- 
striped muscular 
tissue. Following 
a small trabecule 
after it is given 
off from a larger 
one, we find it 
branching into 

still smaller ones, 
which ultimately loSe themselves amongst the elements 
of that part of the spleen tissue called spleen pulp 
(Pig. 131). 

The meshes of the network of the trabecula are 
filled up with the parenchyma. This consists of two 
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kinds of tissues : (a) the Malpighian corpuscles ; and 
(6) the pulp tissue. 

297. The JTIalpigrliiaii corpuscles are masses 
of adenoid tissue connected with the branches of the 
splenic artery. Following the chief arterial trunks as 
they pass in the big trabeculse towards the interior 
of the spleen, they are seen to give oflf numerous 
smaller branches to the spleen parenchyma ; these are 
ensheathed in masses of admoid tisstte which are 
either cylindrical or irregularly-shaped, and in some 
places form oval or spherical enlargements. These 
sheaths of adenoid tissue are traceable to the end of 
an arterial branch; and in the whole extent the 
adenoid tissue or Malpighian corpuscle is supplied by 
its artery with a network of capillary blood-vessels. 

298. The rest of the spleen parenchyma is made up 
of the pulp* The matrix of this is a honeycombed, 
spongy network of fibres and septa, which are the 
processes and bodies of large, flattened, endotheloid 
cells, each with an oval nucleus. In some, especially 
young, animals, some of these cells are huge and 
multinucleated. The spaces of the honeycombed tissue 
are of different diameters, some not larger than a blood 
corpuscle, others large enough to hold several All 
spaces form an intercommunicating system. The 
spaces contain nucleated lymph corpuscles, more or 
less connected with and derived from the cell plates 
of the matrix. But they do not fill the spaces, so 
that some room is left, large enough to allow blood 
corpuscles to pass. 

The spaces of the honeycombed pulp matrix are in 
communication, on the one hand, with the ends of the 
capillary blood-vessels of the Malpighian corpusclesi 
and, on the other, they open into the venous radicles 
or sinuses (Fig. 132), which are oblong spaces lined 
with a layer of more or less polyhedral endothelial cells. 
These sinuses form networks, and lead into the large 



828 EtEMEttTS OF Histology, [ciup. xxix- 

venous branches passing in the big trabecnUe to the 
bilnm. The venous sinuses in man and ape poesess a 
special adventitia formed of circular elaatio fibrils. 
Not all arterial branohea are ntaheathed in 
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Malpigbian corpuscles ; some few fine arterial branches 
open directly into the spaces of the pnlp matrix, being 
invested in a peculiar reticular or concentrically ar- 
ranged cellular tissue (not adenoid). These are the 
capillary sheaths of Sohweigger Seidel. 

299. The blood passea then from the arterial 
hranohoa through the capillaries of the Malpighlan 



* 
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corpuscles, whence it travels into the labyrinth of 
minute spaces in the honeycombed pulp matrix; 
thence it passes into the venous sinuses, and finally 
into the venous trunks. The current of blood on its 
passage through the pulp tissue becomes, therefore, 
greatly retarded. Under these conditions numerous 
red blood-corpuscles appear to be taken up by the 
cells of the pulp, some of which contain several 
in their interior. In these corpuscles the blood-discs 
become gradually broken up, so that, finally, only 
granules and small clumps of blood-pigment are left 
in them. The presence of blood-pigment in the cor- 
puscles of the pulp is explained in this way ; and it is 
therefore said that the pulp tissue is a destroyer of 
i*ed blood-corpuscles. 

The pulp tissue is most probably the. birthplace of 
colourless blood-corpuscles ; and according to Bizzozero 
and Salvioli it is also the birthplace of red blood- 
coi-puscles. 

The lymphaiics form plexuses in the capsule 
(Tomsa, Kyber). These are continuous with the plexus 
of lymphatics of the trabeculse ; and these again with 
the plexus of lymphatics in the adventitia of the 
arterial trunks. 

Non-Tiiedullated nerve-fihrea have been traced along 
the arterial branches. 



CHAPTER XXX 

THE KIDNEY, URETER, AND BLADDER. 

300. A. The ftamework. 

The kidney possesses a thin investing capsule com- 
posed of fibrous tissue, more or less of a lamellar 
arrangement. Bundles of fibrous tissue pass with 
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blood-vessels between the deeper part of the capsule 
and the parenchyma of the periphery. According 
to Eberthy a plexus of non-striped muscle cells is 
situated underneath the capsule. 

The ureter entering the hilum enlarges into the 
pelvis of the kidney, and with its minor recesses or 
prolongations forms the calices. Both the pelvis and 
the calices are limited by a wall which is a direct con- 
tinuation of the ureter. The internal free surface is 
lined with stratified transitional epithelium. Under- 
neath the epithelium is a fibrous connective tissue 
membrane (the mucosa), containing the networks of 
capillary blood-vessels and fine nerve-fibres. Outside 
the mucosa and insensibly passing into it is the 
loose-textured submucosa, with groups of fat cells. 
There are present in the sub-mucosa bundles of 
non-striped muscular tissue, continued from the 
ureter, in the shape of longitudinal and circular 
bundles. 

In the pelvis of the kidney of the horse small 
glands (simple or branched tubes), lined with a single 
layer of columnar epithelial cells, have been observed 
by Paladino, Sertoli, and Egli The last-named 
mentions also that in the pelvis of the human kidney 
there are gland-tubes similar in structure to sebaceous 
follicles. 

301. The large vascular trunks enter, or pass from 
the tissue of the calices into the parenchyma of the 
kidney between the cortex and medulla, and they are 
accompanied by bundles of fibrous connective tissue 
and here and there a few longitudinal bundles of non- 
striped muscular tissue. 

In the parenchyma there is a very scanty 
fibrous connective tissue, chiefly around the Mal- 
pighian corpuscles and around the arterial vessels, 
especially in the young kidney. In the papillae there 
is relatively a great amount of fibrous tissue. On 
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the surface of the papillae (facing the calices) there 
is a continuous layer of fibrous tissue, and this on 
its free surface is covered with stratified transitional 
epithelium. 

The parenchyma of the kidney consists entirely of 
the urinary tubules and the intertubular blood-vessels, 
and there is an interstitial or intertubular connective 
tissue framework in the shape of honeycombed hyaline 
membranes with flattened nucleated branched or 
spindle-shaped cells. The meshes of the honeycomb 
are the spaces for the urinary tubules and blood- 
vessels. 

302. B. The parenchyma. — ^I. The wrinwry 
tubulea (Fig. 133). — In a transverse or longitudinal 
section through the kidney we notice the cortex, the 
boundary layer of Ludwig and the papillary portions, 
the last terminating in the QomcsiX papiUoe in the cavity 
of the calices. 

The boundary layer and the papillary portion 
form the medulla. A papilla with the papillary 
portion and boundary layer, continuous with it^ con- 
stitute a MaVpighian pyra/mid. The relative propor- 
tion of the thickness of the three parts is about 3*5 
cortex, 2 5 boundary layer, and 4 papillary portion. 

303. The cortex consists of vast numbers of con- 
voluted tubules with their csecal origin, the Mal- 
pighian corpuscle ; this is the labyrinth separated into 
vertical divisions of equal breadth by regularly disposed 
vertical straight stiiae originating a short distance from 
the outer capsule, and radiating towards the boundary 
layer which they enter. Each of these striae is a bundle 
of straight tubules, and represents a medullary ray. 
The boundary layer shows a uniform longitudinal stria- 
tion, in which opaque and transparent striae alternate 
with one another. The opaque striae are continuations 
of the medullary rays, the transparent stnaa are 
bundles of blood-vessels. 
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The papillary portion is uniformly and longi- 
tudinally striated. 

Tracing a medullary ray from the boundary layer 
into the cortex, it is seen that its breadth gradually 
diminishes, and it altogether ceases at a short distance 
from the outer capsule. A medullary ray is, con- 
sequently, of a conical shape, its apex being situated 
at the periphery of the cortex, its base in the 
boundary layer. Such a pyramid is called a 'pyramid 
of Ferrein, 

304. All urinary tubules commence as convoluted 
tubules in the part of the cortex named the 
labyrinth, but not in the medullary rays, with a 
csecal enlargement called, a Malpighian corp^iscle, and 
terminate— having previously joined with many other 
tubules into larger and larger ducts — ^at one of the 
many minute openings or mouths at the apex of a 
papilla. On their way the tubes several times alter 
their size and nature. 

From its start to its end there is a continuous 
fine membrana propria forming the boundary wall 
of the urinary tubule, and this membrana propria is 
lined with a single layer of epithelial cells diflfering in 
size, shape, and structure from place to place; in 
the centre of the tubule is a lumen, differing in size 
:iccording to the size of the tubule. 

305. (1) Each Malpighian corpuscle (Fig. 134) 
is composed of the capsule — ^the capsule of Bowman — 
and the glomerulus^ or Malpighian tuft of capillary 
blood-vessels. 



A. Cortex limited on its free gnrf ace by the capsule ; a, subcapsular layer not 
containing Ualpighum corpuscles: a', inner stratum of cortex without 
Malpighian corpuscles; b, boundary layer; o, papillary parb next the 
boundary layer: 1, Bowman's capsule : 2. neck of capsule ; 8, proximal con- 
voluted tube J 4, spiral part ; 6. descending limb of Henle's loop-tube : 9, 
the loop itself : 7, 8, and 9, the ascending limb of Henle's loop-tube ; 10. tha 
irregular tubule ; 11, tbe distal conyoluced tubule ; 12, the first part of the 
collecting tube ; 18 and 14, larger collecting tube; in the papilla itself, not 
represented here, the collecting tube joins others, and forma the duot. 
(Atlas.) 
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The capsule of Bowman is a hyaline membrana 
propria, supported, as mentioned above, hy a small 
amoimt of connective tissue. On its inner Barfnoe 
there ia a continuous layer of nucleated epitbetial 



cells, in the young state of polyhedral shape, in the 
adult state squamous. 

The glomerulus is a network of convoluted 
capillary blood-vessels, separated &om one another 
by scanty connective tissue, chiefly in the shape 
of a few connective tissue corpuscles. The capil- 
laries are grouped together in two to five lobulea, 
The whole mirface of the glomerulus is lined with 
a delicate membrana propria, and a continuous layer 
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of nucleated epithelial cells, polyhedral, or even 
columnar in the young, squamous in the adult state. 
The membrana propria and epithelium dip in, of 
course, between the lobules of the glomerulus, and 
represent in reality the visceral layer of the capsule 
of the Malpighian corpuscle, the capsule of Bowman 
being the parietal layer. The glomerulus is connected 
at one pole with an affererU and efferent arterial 
vessel, the former being the larger. 

Between Bowman's capsule and the glomerulus 
there is a space, the size of which differs according 
to the state of secretion, being chiefly dependent on 
the amount of fluid present. 

The Malpighian corpuscles are distributed in the 
labyrinth of the cortex only, with the exception of a 
thin peripheral layer near the outer capsule, and a 
still thinner layer near the boundary layer. The 
Malpighian corpuscles near the boundary layer are the 
largest, those near the periphery the smallest; in 
the human kidney their mean diameter is about ^1^ 
of an inch. 

306. (2) On the side opposite to that where the 
afferent and efferent arterioles join the glomerulus, 
the capsule of Bowman passes through a narrow neck 
into the cylindrical urinary tubule in such a way, 
that the membrana propria and epithelium, of the 
capsule are continued as the membrana propria and 
lining epithelium of the tubule respectively, and 
the space between the capsule of Bowman and 
the glomerulus becomes the cavity or lumen of the 
urinary tubule. 

307. (3) After it has passed the neck, the urinary 
tubule becomes convoluted ; this is the proamnal con- 
voluted tubule (Fig. 133). It is of considerable length 
and is situated in the labyrinth. It has a distinct 
lumen, and its epithelium is a single layer of polyhedral 
or short, columnar, angular, or club-shaped cells, each 
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with s spherical nucleos. Them ceUs commence gene- 
rally at the neck, but in some animals — e.g., in the 




mouse — they already have hegim in the Malpighian 
corpuacle. The outer part of the cell protoplasm — i.*,. 
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next the membrana propria— is distinctly striated, 
owing to the presence of rod-shaped fibrils (Heiden- 
hain) vertically arranged. The inner part of the cell 
substance — t.e., between the nucleus and the inner 
free margin — appears granular. Epithelial cells the 
protoplasm of which possesses the above rod-shaped 
fibrils, wiU in the foUowing paragraphs be spoken of 
as fibrillated cells. 

The proximal convoluted tube appears sometimes 
thicker than at other times; in the first case, its 
lumen is smaller, but its lining epithelial cells are 
distinctly more columnar. This state is probably con- 
nected with the state of secretion. 

308. (4) The convoluted tube passes into the 
gpi/ral tubuie (Schachowa). This differs from the 
former in being situated not in the labyrinth, but in 
a medullary ray, in which it forms one conspicuous 
element, and in not being convoluted, but more or 
less straight, slightly wavy, and spiral. Its thickness 
and lumen are the same as in the former; its 
epithelium is a single layer of polyhedral cells/ with 
distinct indication of fibrillation. 

309. (6) Precisely at the line where "the cortex 
joins the boundary layer^ the spiral tube becomes 
suddenly greatly reduced in thickness ; it becomes at 
the same time very transparent; its lumen is distinct^ 
its membrana propria is now lined with a single 
layer of scales, each wiih. an oval flattened nucleu& 
This altered tubule is the descending loop4vhe of 
Henle, and it pursues its course in the boundary 
layer as a straight tubule, in the continuation of the 
medullary ray. 

In aspect and size this part of the urinary 
tubule resembles a capillary blood-Vessel, but differs 
from it inasmuch as, in addition to the lining layer 
of flattened epithelial cells, it possesses a membrana 
propria. 
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310. (6) The so formed descending Henle's loop- 
tube passes the line between the boundary layer 
cind papiUary portion, and having entered this 
latter pursues its course for a short distance, when 
it sharply bends backwards as the loop of Henle's 
tube ; it now runs back towards the boundary layer, 
and precisely at the point of entering this becomes 
suddenly enlarged, tip to this point the structure 
and size of the loop are exactly the same as those of 
the descending limb. 

311. (7 and 8) Having entered the boundary layer 
it pursues its course in this latter to the cortex in a 
more or less straight direction within the medullary 
ray m the a^o^iv^ hop-tvhe. Besides being bigger 
than the descending limb and the loop, its lumen 
is comparatively smaller, and its lining epithelium 
is a layer of polyhedral, distinctly £brillated 
epithelial cells. The tube is not quite of the same 
thickness all along the boundary layer, but is broader 
in the inner than in the outer half; besides, the tube 
is not quite straight, but slightly wavy or even 
spiral. ' 

(9) Having reached the cortex, it enters this as the 
cortical part of the ascending hop-tvhe^ forming one 
of the tubes of a medullary ray; it is at the same 
time narrower than in the boundary layer, and is 
more or less straight or wavy. Its lumen is very 
minute, its lining cells are flat polyhedral with a 
small flattened nucleus, and there is an indication of 
tibrillation (Fig. 135). 

(10) Sooner or later on its way in the cortex in 
a medullary ray it leaves this latter to enter the 
labyrinth, where it winds between the convoluted 
tubes as an angular irregular ttibule (Fig. 135). Its 
shape is very irregular, its size alters from place 
to place, its lumen is very minute, its epithelium a 
layer of polyhedral, pyramidal, or short columnar celLi 
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— according to the thickness of the tube; each cell 
possesses a flattened oval nucleus next to the lumen, 
and a very coarsely and conspicuously fibrillated pro- 
toplasm. 

312. (11) This irregular tubule passes into the 
distal convoluted tvhule or intercalated tubule of 
Schweigger Seidel. This forms one of the convoluted 
tubes of the labyrinth, and in size, aspect, and 
structure, is identical with the proximal convoluted 
tubule. 

(12) The distal convoluted tube passes into a 
short, thin, more or less cv/rved or wavy collecting 
tubule, lined with a layer of transparent, flattened, 
polyhedral cells ; this is still contained in the laby- 
rinth. 

(13) This leads into a somewhat larger straight 
collecting tube, lined with a layer of transparent poly- 
hedral cells and with distinct lumen. This tube 
forms part of a medullary ray, and on its way to the 
boundary layer takes up from the labyrinth numerous 
curved collecting tubules. 

(14) It then passes unaltered as a straight collect- 
ing tube through the boundary layer into the papillary 
portion. 

313. In this part these tubes join under acute 
angles, thereby gradually enlarging. They run in a 
straight dii'ection towards the apex of the papilla, 
and the nearer to this the fewer and the bigger they 
become. These are the ducts or tubes of Bellini 
They finally open on the apex into a calix. The lumen 
and the size of the lining epithelial cells — vie., whether 
more or less columnar — are in direct relation to the size 
of the collecting tube. The substance of the epi- 
thelial cells is a transparent protoplasm, and the 
nucleus is more or less oval. 

314. In many places nucleated cells, spindle- 
shaped or branched, can be traced from the mcmbrana 
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propria of the tubule between the lining epithelium ; 
and, in some cases, even a delicate nucleated membrane 
can be seen lining the surface of the epithelium next 
the lumen. In the frog, the epitheUum lining, the 
Malpighian corpuscles, and the exceedingly long neck 
of the urinary tubule, are possessed of long filamentous 
cilia, rapidly moving during life. In the neck of 
some of the urinary tubules in mammals there is 
also an indication of cilia to be noticed. 

Heidenhain has shown that indigo- sulphate of 
sodium, injected into the circulating blood of the dog 
and rabbit, is excreted through certain parts of the 
urinary tubules only — ^viz., those which are lined 
with "fibrillated" epithelium. He maintains that 
this excretion is effected through the cell sub- 
stance ; but, in the case of carmine being used as 
pigment^ I have not found the excretion to take place 
through the substance of the epithelial cells, but 
through the homogeneous interstitial or cement sub- 
stance between the epithelial cells., 

316. IL The blood-vessels (Fig. 136). 

The large branches of the renal artery and vein 
are situated in the submucous tissue of the pelvis, 
and they enter, or pass out respectively from, the part 
of the parenchyma coiresponding to the junction of 
the cortex and boundary layer, where they follow a 
more or less horizontal course, and give off, or take up 
respectively, smaller branches to or from the cortex 
and medulla. 

(1) In the cortex the arterial trunks give off to 
the cortex small branches, which singly enter the 
labyrinth in a direction vertical to the surface of the 
kidney. These are the interlohdar arteries. Each of 
these, on its way towards the external capslile of the 
kidney, gives off, on all sides of its circumference, 
shorter or . longer lateral branches ; these are the 
ajrerertt arterioles for the Malpighian corpuscles, each 



Chap, xxxo Kidney, Ureter, and Bladder. 141 

one entering a Malpighian ^ 
corpuscle and breaking up 
into the capillaries of the 
glomerulus. 

On its way towards 
the external capsiile, the 
interlobular arteries be- 
come greatly reduced, and 
finally enter the capillary 
network of the most peri- 
pheral part of the cortex ; 

bwt some of these arterioles t 

may be also traced into the 
outer capsule, where they 
become connected with the 
capillary networks of this 
latter. The efferent Tessel 
of a Malpighian glome- 
rulus at once breaks up 
into a dense network of , 
capillary hlood - vessels, 
which entwine in all pos- 
sible directions the urinary 
tubules of the labyrinth. 
This network is continued 
with that of capillaries of 
the medullary rays, the 
meshes being there elon- 
gated, and the capillary 
blood-vessels, for obvious 
reasons, more of a straight 
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arrangement. The capillaries of the whole cortex 
form one continuous network. 

316. The veins which take up the blood from this 
network are arranged in this manner : — There are 
formed /enous vessels underneath the external 
capsule, taking up like rays on all sides, minute 
radicles connected with the capillaries of the most 
peripheral part of the cortex. These are the venaa 
steUatas; they pass into the labyrinth of the 
cortex, where they follow a vertical course in 
company with th0 interlobular arteries. On the 
way they communicate with the capillaries of the 
labyrinth, and ultimately open into the large 
venous branches situated between cortex and. boun- 
dary layer. 

317. (2) Tn the medulla. From the large arterial 
trunks short branches come off, which enter the 
boundary layer, and there split up into a bundle 
of minute arterioles, which pass in a straight direc- 
tion vertically through the boundary layer into the 
papillary portion* These are the artericB rectce 
(Fig. 136). The number of vessels of each bundle 
is at the outset increased by the efferent vessel of 
the Malpighian corpuscles nearest to the boundary 
layer. 

On their way through the boundary layer, and 
through the papillary portion of the medulla, 
these arterioles give off the capillary network for 
the urinary tubules of these parts, the network, 
for obvious reasons, possessing an elongated arrange- 
ment. 

From this network originate everywhere minute 
veins, which on their way towards the coi*tical margin 
increase in size and nuinber ; they form also bundles 
of straight vessels — venoe rectce — and ultimately enter 
the venous trunks situated between the boundary 
layer and cortex. 
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The bundles of the arterise rectse and venro 
rectse form severally, in the boundary layer, the 
transparent strise mentioned on a previous page as 
alternating with the opaque striae, these latter being 
bundles of urinary tubules. 

At the apex of each papilla there is a network 
of capillaries around the mouth of each duct. 

318. The outer capsule of the kidney contains a 
network of capillary blood-vessels ; the arterial 
branches leading into them are derived from two 
sources : (a) from the outrunners of the interlobular 
arteries of the cortex, and (6) from extrarenal arteries. 
The veins lead (a) into the venae stellatae, and (6) the 
extrarenal veins. 

The lymphatic vessels form a plexus in the capsule 
of the kidney. They are connected with lymph 
spaces between the urinary tubes of the cortex. 
The large blood-vessels are surrounded by a plexus, of 
lymphatics, which take up lymph spaces between the 
urinary tubules, both in the cortex and the boundary 
layer. 

319. The ureter is lined with stratified transi- 
tional epithelium. Underneath this is the mucosa, 
a connective tissue membrane with capillary blood- 
vessels. The submucosa is a loose connective tissue 
Then follows a muscular coat composed of non- 
striped muscular tissue, arranged as an inner and 
outer longitudinal and a middle circular coat. Then 
follows an outer limiting thin fibrous coat or adventitia. 
In this last have been observed minute ganglia in 
connection with the nerve branches. 

320. The bladder is similar in structure, but the 
mucous membrane and muscular coat are very much 
thicker. In the latter, which consists of non-striped 
fibres, are distinguished an inner circular, a middle 
oblique, and an outer longitudinal stratum. The 
last is best developed in the fundus. 
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Kumerous sympathetic ganglia, of various sizes, 
are found in connection with the nerve branches un- 
derneath the adventitia (peritoneal covering), and in 
the muscular coat (F. Darwin). The epithelium lining 
' the bladder is stratified transitional, and it greatly 
varies in the shape of its cells and their stratification, 
according to the state of expansion of the bladder. 



CHAPTER XXXI. 

THE MALE OENITAL ORGANS. 

321. (1) The testis of man and mammals is en- 
veloped in a capsule of white fibrous tissue, the tunica 
adnata. This is the visceral layer of the tunica 
vaginalis. like the parietal layer, it is a serous 
membrane, and is therefore covered with endo- 
thelium. Minute villi are occasionally seen pro- 
jecting from this membrane into the cavity of 
the tunica vaginalis. These villi are generally 
covered with germinating endothelium (see par. 33). 
Inside the tunica adnata, and firmly attaclied to 
it, is the tunica alhuginea^ a fibrous connective 
tissue membrane of lamellar structura Towards 
the posterior margin of the human testis its thick- 
ness increases, and forms there a special accumu- 
lation — ^in cross section more or less conical, with 
posterior basis — the mediastinum testis, or corpus 
Highmori. 

Between the tunica adnata and tunica albuginea 
is a rich plexus of lymphatics, which, on the one hand, 
takes up the lymphatics of the interior, and on the 
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other leads into the efferent vessels that accompany 
the vas deferens. 

The testis of the dog, cat, bull, pig, rabbit, &c., 
have a central corpus Highmori ; that of the mole, 
hedgehog, and bat a peripheral one ; while that of the 
rat and mouse have none (Messing). 

322. The framenrork. — From the anterior 
margin of the corpus Highmori spring numerous 
septa of connective tissue, which, passing in a radiat- 
ing direction towards the albuginea, with which they 
form a continuity, subdivide the testis into a large 
number of long, conical compartments, or lobules, 
the basis of which is situated at the tunica albu- 
ginea, the apex at the corpus HighmorL KoUiker 
mentions that non-striped muscular tissue occurs in 
these septa. 

From these septa thin connective tissue lamellaB 
pass into the compartments, and they form the sup- 
porting tissue for the blood-vessels and also represent 
the interstitial connective tissue between the seminal 
tubules. 

This intertubular or interstitial tissue is distinctly 
lamellated, the lamellae being of different thicknesses, 
and consisting of thin bundles of fibrous connective 
tissue— arranged more or less as fenestrated mem- 
branes — and endotheloid connective plates on their 
surface. Between the lamellae are left spaces, and 
these form, through the fenestrae or holes of the 
lamellae, an intercommunicating system of lymph 
spaces — being, in fact, the rootlets of the lymphatics 
(Ludwig and Tomsa). 

Within the lamellae are found peculiar cells, 
which are much larger than lymph-cells, and which, in 
Bome instances (e.^., guinea-pig), include pigment 
granules. They contain a spherical nucleus. In man, 
in dog, cat, sheep, especially boar, these cells form 
large, continuous groups — ^plates and cylinders — and 
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the cella are polyhedral, and exactly similar to epithe- 
lial eella. They are separated from one another within 
the group by a thin interstitial cement-substance. 
Their resemblance with epithelium is complete. They 
are remnants of the epithelial masses of the Wolffian 
body of the fcetua. 

323. The seminal tabHles (Fig. 137). — 
Within each compartment, above mentioned, lie 



Fig. 1S7.— Prom a Section tlirouBh ths Teafia of Doj. 



I temitial tubules, twisted and convoluted 
in m^y ways, and extending from the periphery to 
near the corpus Highmori. The tubules, aa a rule, 
are rarely branched ; but in the young state, and 
especially towards the periphery, branching is no 
common. 

Each seminal tubule consists of a membrana pro- 
pria, a lining epithelium, and a lumen. The mem- 
brana propria is a hyaline membrane, with oval nuclei 
' at regular intervals. In man it is thick and lamel- 
lated, several such nucleated membranes being super- 
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imposed over one another. The lumen is in all tubes 
distinct and relatively large. The lining epithelium, 
or the semmal cellsy diflfer in the adult in different 
tubules, and even in different parts of the same tubule, 
being dependent on the state of secretion. 

324. Before puberty all tubules are uniform in 
this respect, being lined with two or three layers of 
polyhedral epithelial cells, each with a spherical 
nucleus. After puberty, however, the following 
different types can be distinguished :— 

(a) Tubules or parts of tubules similar to those 
of the young state — viz., several layers of polyhedral 
epithelial cells lining the membrana propria. These 
are considered as (a) the outer and (6) the inner 
seminal cells. The rormer are next to the membrana 
propria; they are polyhedral in shape, transparent, 
and the nucleus of some of them is in the process 
of karyokinesis or indirect division (see par. 8) ; 
others include an oval transparent nucleus. The 
inner semmal ceUs generally form two or three layers, 
and are more loosely connected with one another than 
the outer seminal cells, and therefore possess a more 
rounded appearanca Between these a nucleated reti- 
culum of fine fibres is sometimes noticed, the germ 
reticulum of von Ebner. But this is merely a support- 
ing tissue, and has nothing to do with the germina- 
tion of the cells or the spermatozoa (Merkel). The 
inner seminal cells show very abundantly the process 
of indirect division or karyokinesis, almost all bein^ 
seen in one or other phase of it. 

325. In consequence of this, numerous small 
spherical daughter-cells are formed ; these lie nearest 
the lumen, and are very loosely connected with one 
another. It is these which are transformed into sper- 
matozoa, and hence are appropriately called spermato- 
blasts (Fig. 137). 

Amongst the seminal cells, especially of cat and 
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dog, are found occasionally, but not very commonly, 
large multinuclear cells, the nuclei of wbicb are also 
in one or the other stage of karyokinesis. 

(b) The innermost cells, i.e., the spermatobliistB, 
become pear-slutted, the aacleus being situated at the 
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thinner extremity, becoming at the same time flattened 
and homogeneous (Pig. 138). The elongation of the 
spermatoblasts gradually proceeds, and in consequence 
of this 'we find namerous elongated, club-shaped sper- 
I matoblasts, each with a flattened nucleus at the thin 
end. These are the young spermatozoa, the nucleated 
extremity being the head. 

(c) At the same time these young spermatozoa 
become grouped together by an interstitial granular 
Bubstanoe, in peculiar fiui-ehaped groups; in these 
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groups the head, — %.e,^ the thin end containing the 
flattened homogeneous nucleus, — is directed towards 
the inner seminal cells, while the opposite extremity 
is directed into the lumen of the tube. Meanwhile 
the inner seminal cells continue to divide, and thus 
the groups of young spermatozoa get more and more 
buried, as it were, between them. 

326. The original cell-body of the spermatoblasts 
goes on elongating until its protoplasm is almost, but 
not quite, used to form the rod-shaped middle piece 
(Schweigger Seidel) of the spermatozoa; from the 
distal end of this, a thin long hair-like filament) called 
the taily grows out. Where this joins the end of the 
middle piece, there is, even for some time afterwards, 
a last remnant of the granular cell-body of the original 
spermatoblast to be noticed. 

When the granular interstitial substance holding 
together the spermatozoa of a group has become dis- 
integrated, the spermatozoa are isolated. While this 
development of the spermatozoa goes on, the inner 
seminal cells continue to produce spermatoblasts, 
which in their turn are converted into spermatozoa. 

327. Spermatozoa (Fig. 139). — Fully formed 
8permatC7oa of man and mammals consist of a homo- 
geneous flattened and slightly convex-concave ?iead (the 
nucleus of the original spermatoblast), a rod-shaped 
middle piece (derived directly from the cell body of 
the spermatoblast), and a long hair-like tail. While 
Hving, the spermatozoa show very rapid oscillatory and 
propelling movement, the tail acting as a flagellum or 
cilium ; its movements are spiral 

In the newt there is a fine spiral thread 
attached to the end of the long, curved, spike-like 
head, and by a hyaline membrane it is fixed to the 
middle piece ; it extends beyond this as the long thin 
taiL Also in the mammalian and human sperma- 
tozoa, a similar spii^al thread, clpsely attached to the 
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middle piece, and terminating as the tail, has been ob- 
served (H. Gibbes). 

328. The seminal tubules of each compartment 
or lobule empty themselves into a short, more or less 
straight, tubule — ^the va% rectum. This is narrower 




Fig. 139.— Various kinds of Spermatozoa. 

A. f^ipermatozoon of flruinea-plg not yet completely ripe ; B, the same seen side- 
'ways, the head of the spermatozoon is flattened from sid 



spermatozoon of the horse ; d, a spermatozoon of the newt. 
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than the seminal tubule, and is lined with a single 
layer of polyhedral or short columnar epithelial cells. 
The vasa recta form, in the corpus Highmori, a dense 
network of tubular channels, which are irregular in 
diameter, being at one place narrow clefts, at another 
wide tubes, but never so wide as the seminal tubules ; 
this network of channels is the rete testis, 

329. (2) The epididymis— From the rete testis 
we pass into the ixxsa eferentia^ each being a tube 
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■wider than those of tlie rete testis, and each leading into 
a conical network of coiled tubes. These are the coni 
vaeculosi. The sum total of aU the coni vasculoHi 
forms the globus major or head of the epididymis. 

330. The vasa efferentia and the tubes of the 
coni vasculoai are about the size of the seminal 
tubules, but, unlike them, are lined with a layer of 
beautiful columnar epithelial cells, with a bundle of 
cilia (Fig. 140). Outside 
these is generally a layer, 
more or less continuous, of 
small polyhedral cells. The 
substance of the columnar 
cells is distinctly longitudi- 
nally fibrillated. The mem- 
brana propria is thickened 
by the presence of a cir- 
cular layer of non-striped 
muscular fibres. The rest, 

i.e., the globus minor, or rif. iw.-AtubniBof theepi- 
tail of the epididymis, is did jmi« in c™. MoUon. 
made up of a continuation ^"ihSSfiJ^ ""MBc'D^ii^ii?"^ 
of the tubes of the globus "i"?S Si'^'SSE^A'Sf Sl'!'.''^'; 
major, the tubes diminish- j^ctinl" w^hXmcn of^the'tuK?" 
ing gradually in number by 

fusion, and at the same time thereby becoming larger. 
The columnar epithelial cells, feeing the lumen of the 
tubes of the globus minor, are possessed of cilia of 
unusual length. 

The tubes of the epididymis are separated from 
one another by a latter amount of connective tissue 
than those of the testis. 

The tubes of the oi^an of GiraldS, situated in 
the beginning of the funiculus spermaticus, are lined 
with columnar ciliated epithelium. So is also the 
pedunculated hydatid of Morgagni attached to the 
globus major. 
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331. The seminal tubules and the tubes of the 
epididymis are entwined by a rich network of 
capillary blood-vessels. Between the tubes of the 
testis and epididymis are lymph spaces, forming aa 
intercommunicating system, and emptying themselves 
into the superficial networks of lymphatics, i.6., those 
of the albufiinea : the arrangement of these networks 
is somewhat^e^ent in the testis and epididymis. 

332. (3) Tas deferens and Fesiculae semi- 
nales. — ^The tubes of the globus minor open into the 
vas deferens. This is of course much larger than 
the former, and is lined with stratified columnar 
epithelium. Underneath this is a dense connective 
tissue mucosa, containing a rich network of capillary 
blood-vessela Beneath this mucosa is a thin sub- 
mucous tissue, which in the Ampulla is better de- 
veloped than in other parts, and therefore allows the 
mucous membrane to become folded. Outside the sub- 
mucous tissue is the muscular coat, which consists of 
non-striped muscular tissue, arranged as an inner 
circular and an outer longitudinal stratum. At the 
commencement of the vas deferens there is in addition 
an inner longitudinal layer. There is finally a fibrous 
tissue adventitia. This contains longitudinal bundles 
of non-striped muscular tissue, known as the cremaster 
internua (Henle). A rich plexus of veins — plexus 
pampinif ormis — and a rich plexus of lymphatic trunks, 
are situated in the connective tissue of the spermatic 
cord. The plexus spermaticus consists of larger and 
smaller nerve-trunks, with which are connected small 
groups of ganglion cells and also large ganglionic 
swellings. 

333. In the vedcuke seminales we meet with 
exactly the same layers as constitute the wall of the 
vas deferens, but they are thinner. This refers espe- 
cially to the mucosa and the muscular coat. The 
former is placed in numerous folds. The latter con- 
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sists of an inner and outer longitudinal and a middle 
circular stratum. The ganglia in connection with the 
nerve-trunks of the adventitia are very numerous. 

334. In the ductus ejaculatorii we find a lining of 
columnar epithelial cells ; outside of this is a delicate 
mucosa and a muscular coat, the latter consisting of 
an inner thicker longitudinal and an outer thinner 
circular stratum of non-striped muscular tissue. 

When passing into the vesicula prostatica the 
columnar epithelium is gradually replaced by stratified 
pavement epithelium. 

335. (4) The prostate gland. — Like other 
glands, the prostate consists of a framework and the 
gland tissue proper or the parenchyma. 

The framework, unlike that of other glands, is 
essentially muscular, being composed of bundles of 
non-striped muscular tissue, with a relatively small 
admixture of fibrous connective tissue. The latter 
is chiefly limited to the outer capsule and the thin 
septa passing inwards, whereas the non-striped mus- 
cular tissue surrounds and separates the individual 
gland alveoli 

336. The parencliyma consists of the chief ducts, 
which open at the base of and near the colliculus 
seminalis, and of the secondary ducts, minor branches 
of the former, which ultimately lead into the alveoli. 
These are longer or shorter, wavy or convoluted 
branched tubes with numerous saccular or club-shaped 
branches. The alveoli and ducts are limited by a 
membrana propria, have a distinct lumen, and are 
lined with colunmar epithelium. In the alveoli there 
is only a single layer of beautiful colunmar epithelial 
cells, the substance of which is distinctly and longi- 
tudinally striated. In the ducts there is an inner 
layer of short columnar cells, and an outer one of. 
small cubical, polyhedral or spindle-shaped cells. 

At the mouth of the ducts the stratified pavement 
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epithelium of the pars prostatica of the urethra 
passes a short distance into the duct. 

The alveoli are surrounded by dense networks of 
capillary blood-vessels. 

In the peripheral portion of the gland numerous 
ganglia are interposed in the rich plexus of nerves. 
Also Pacinian corpuscles are to be met with. 

337. (5) The urethra. — ^The mucous membrane 
of the male urethra is lined with simple columnar 
epithelium, except at the commencement — ^the pars 
prostatica — and at the end — the fossa navicularis — 
where it is stratified pavement epithelium. 

The mucous membrane is fibrous tissue with very 
numerous elastic fibres. Outside of it is a muscular coat 
composed of non-striped muscular tissue, and arranged 
as an inner circular and an outer longitudinal stratum, 
except in the pars prostatica and pars membranacea, 
where it is chiefly longitudinal. In the latter portion 
the muscular bundles pass also into the mucous mem- 
brane, where they follow a longitudinal course between 
large veins arranged in a longitudinal plexus. These 
veins empty themselves into small veins outside. This 
plexus of large veins with the muscular tissue between 
represents a rudiment of a cavernous tissue (Henle). 

The mucous membrane forms peculiar folds sur- 
rounding the lacunae Morgagni. There are small mucous 
glands, lined with columnar epithelium, embedded in 
the mucous membrane ; they open into the cavity of 
the urethra and are known as Littr6's glands. 

338. (6) The glands of Cowper.— Each gland 
of Cowper is a large compound tubular gland, which, 
as regards structure of ducts and alveoli, resembles a 
mucous gland. The wall of the chief ducts possesses 
a large amount of longitudinaUy-arraiiged non-striped 
muscular tissue. The epithelium lining the ducts is 
composed of columnar cells. The alveoli possess a 
large lumen and are lined with columnar mucous 
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cells, the outer portion of the cell being distinctly 
striated (Langerhans). In the cell the reticulum is 
also distinct. In this respect the alveoli completely 
resemble those of the sub-maxillary of the dog, but 
there are no real crescents in the alveoli of Cowper's 
gland. 

339. (7) The corpi^s spongiosmn. — ^The cor- 
pus spongiosum of the urethra is a continuation of 
the rudimentary corpus cavernosum above-mentioned 
in connection with the pars membranacea of the 
urethra. It is essentially a plexus of large veins 
arranged chiefly longitudinally and leading into small 
efferent veins. Between the large veins are bundles 
of non-striped muscular tissue. The capillary blood- 
vessels of the mucous membrane of the urethra open 
into the veins of the plexus. The outer portion of 
the corpus spongiosum, including the bulbus urethrse, 
shows, however, numerous venous sinuses, real caver- 
nse, into which open capillary blood-vessels. 

340. The g^lans penis is of exactly the same 
structure as the corpus spongiosum. The outer surface 
is covered with a delicate fibrous tissue membrane, 
which on its free surface bears minute papillae, 
extending into the stratified pavement epithelium. At 
the corona glandis exist small sebaceous follicles, the 
glands of ^son; they are continued from the inner 
lamella of the prepuce, where they abound. The 
papillse of the glans contain loops of capillary blood- 
vessek. Plexuses of non-medullated nerve-fibres are 
found underneath the epithelium of the surface of 
the glans. With these are connected the end bulbs 
described in a former chapter as the genital nerve-end 
corpuscles. 

341. (8) The corpora cavernosa penis. — Each 
corpus cavernosum is enveloped in a fibrous capsule, 
the albuginea, made up of lamellae of fibrous con- 
nective tissue. Numerous Pacinian corpuscles are 
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met with around it. The matrix of the corpus 
cavemosum consists of trabecolse of fibrous tissue, 
between which pass bundles of nonnstriped muscular 
tissue all in different directiona Innumerable 
cavenue or sinuses, intercommnnicating with one 
another, are present in this matrix, capable of snch 
considerable repletion, that in the maximum degree 
of this state the sinuses are almost in contact, 
and the trabeculse compressed into very delicate 
septa. The sinuses are lined with a single layer of 
flattened endothelial plates, and their wall in many 
places is strenirthened by the bundles of non-striped 
muscular tissul: The A-^ during em^on bedme 
filled with blood, being directly continuous with capil- 
lary blood-vessels. These are derived from the arte- 
rial branches which take their course in the above 
trabeculse of the matrix. The blood passes from the 
sinuses into small efferent veins. But the blood 
passes also directly from the capillaries into the 
efferent veins, and this is the course the blood takes 
under pcissive conditions, while during erection it 
passes chiefly into the above sinuses. 

342. In the peripheral part of the corpus caver^ 
nosum there exists a direct communication between the 
sinuses and minute arteries (Langer), but in the rest 
the arteries do not directly communicate with the 
sinuses except through the capillary blood-vessela 
In the passive state of the corpus cavemosum, the 
muscular trabeculse forming part of the matrix are 
contracted, and the minute arterial branches embedded 
in them are therefore much coiled up \ these are the 
arterise helicinse. 
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343. (1) THHOViiry(Fig. 141.) — In the ovary, as 
in other glanda, the framework ie to be distinguished 
from the paren- 
chyma. In &ie part * 
of the ovary next 
to the hUum there c 
are numerous blood- 
vessels, in a loose 
fibroua connective 
tiaaue, with nu- ^ 
merouB longitudinal 
bundles of non- 
striped muscular 
tissue directly con- 
tinuous with the 
same tissues of the 
ligamentum latum. 
Tjbis portion of the ^ 
ovary is the zona 
vasculosa (Wal- 
deyer). All parts of 
the zona vasculosa 
— ie., the 1 
of fibrous 

live tissue, the '■^t'n'SS^e'oSta'!?^ SS ^tS 
blood - vessels, and "'''"'' "■* — "'"" *■ —"-'—* "- ' 
the bundles of non- 
striped muscular 
tissue — are traceable into the parenchyma. The stroma 
of this latter, however, is made up of bundles of shorter 

B— 1 
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or longer transparent spindle-shaped cells, each with an 
oval nucleus. These bundles of spindle-shaped cells 
form, by crossing and interlacing, a tolerably dense 
tissue, in which He embedded in special arrangements 
the Graafian follicles. Around the larger examples of 
the latter the spindle-shaped cells form more or less 
concentric layers. In the human ovary bundles of 
fibrous tissue are also met with. 

The spindle-shaped cells are most probably a 
young state of connective tissue. 

Between these bundles of spindle-shaped cells 
occur cylindrical or irregular streaks or groups of 
polyhedral cells, each with a spherical nucleus ; they 
correspond to the interstitial epithelial cells men- 
tioned in the testis, and they are also derived from 
the foetal Wolffian body. 

344. According to the distribution of the Graafian 
follicles, the following layers can be distinguished in 
the ovary : — 

(a) The albugi/necu This is the most peripheral 
layer not containing any Graafian follicles. It is 
composed of the bundles of spindle-shaped cells, inti- 
mately interwoven. In man, an outer and inner 
longitudinal, and a middle circular, layer can be made 
out (Henle). In some mammals an outer longii^udinal, 
an inner circular, or slightly oblique layer can be 
distinguished in the albuginea. 

The free surface of the albuginea is covered with 
a single layer of polyhedral, or short columnar granu- 
lar-looking epithelial cells, the germinal epithelium 
(Waldeyer). This epithelium, in its shape and aspect, 
forms a marked contrast to the transparent, flattened, 
endothelial plates covering the ligamentum latum. 

345. (6) The cortical layer (Schron). This is a 
layer containing the smallest Graafian follicles, either 
aggregated as a more or less continuous layer (cat and 
rubbit), or in small groups (human), separated by the 
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stroma. These follicles are spherical or slightly oval, 
of about rnVD^ vat^ in diameter, and each of them is limi- 
ted by a delicate membrana propria. Inside of this is 
a layer of flattened, transparent, epithelial cells, each 
with an oval, flattened niicIeiiB ; this is the mem- 
brana granulosa. The space within the follicle is 
oocupied by, and filled up with, a spherical cell — the 
ovum cell, or ovum. This is composed of a granular- 
looking protoplasm, and in this is a big spherical, or 
slightly oval, nucleus — the germinal vesicle. The 
substance of this is either a fine reticulum, limited 
by a delicate membrane, with one or more nucleoli 
or germinal spots. Or it is in one of the phases of 
indirect division or karyokinesis, thus indicating 
division of the ovnm. 

346. (c) From this cortical layer to the zona 
yasculosa we find embedded in the stroma isolated 
Graafian follicles, of various sizes, increasing from the 
former to the latter. The biggest 
follicles measure in diameter about 
■j'jf inch. Those of the middle layers 
are of medium size (Fig. 142). In them 
we find inside the membrana propiia 
the membrana granulosa, made up of a 
flingle layer of transparent, columnar, 
epithelial cella The ovum, larger than "5ra(fian~*oKS! 
in the small cortical follicles, fills out cm!!" '"' 
the cavity of the follicle, and is 'Viih^iSLSwVSS! 
limited by a thin hyaline cuticle — the SJ^^i^LjSSi 
ssona pelhtcida. This appears as an !SttiJS.'v"ir"!i"il! 
excretion of the cells of the membrana ^i^jU y I ££ 
granulosa. The protoplasm of the KiSS' » JtSiiJ 
ovum is fihrillated. The part sur- 3toU|^™^S 
rounding the germinal vesicle is more 
transparent, and stains differently in osmic acid than 
the peripheral part. The big nucleus, or germinal 
vesicle, is limited by a distinct membrane, and inside 
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this membrane la a reticulum with generally one big 
nucleolus or girmival spot. 

Between these medium- sized follicles and the 
email follicles of the cortical layer ve find all inters 
mediate degrees as regards size of tlie follicle and the 
ovum, and especially as regards the shape of the cella 
of the membrana granulosa, the intermediate sizes of 
follicles being 
lined by a gran- 
ulosa made up 
of a layer of 
polyhedral epl- 
thdial cells. 
I 347. The 

I deeper Graafian 
follicles, le., 
those that are 
to be regarded 
as big follicles, 



sionally, two or 
even three ova 

¥ig. 143.— A lun Qiuflu ' FolUols of ths — which is Simi- 

iSe''iB«ifh»D£'Bnou^nu^fi'"»'mi^Hd^t V^rJ the previous fol- 

li^DFiD^Hllurl">ii,FiDb[S)kd Inue'liiitbeL'w licles, except 

foUMel. oiled wiOi'ilSldrttiillqnor^fSwi. ' that it is larger, 

and its zona pel- 
lucida thicker. The ovum does not fill out the whole 
cavity of the follicle, since at one side, between it and 
the membrana granulosa, there is an albuminous fluid, 
the rudiment of the liquor folliculi 

318. The largest or most advanced follicles are of 
great size, easily visible by the naked eye, and con- 
tain a lai-ge quantity of this liquor folliculi (Fig. 143). 
In fact, the ovum occupies only a small part of the 
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cavity of the follicle. The ovxim is big, surrounded by 
a thick zona pellucida, is situated at one side, sur 
rounded by the discus proligerus. This consists of 
layers of polyhedral cells, except the cells immediately 
around the zona pellucida, which are columnar. The 
ovum -with its discus proligerus is connected with the 
membrana granulosa. This latter consists of stratified 
pavement epithelium forming the entire lining of the 
follicle. The outermost layer of cells is columnar. 
The membrana propria of these big f olHcles is strength- 
ened by concentric layers of the stroma cells, and this 
represents the tunica fibrosa (Henle) or outer coat of 
the follicle — ^theca folliculi externa. Numerous blood 
capillaries connected into a network surround the big 
follicles. 

In those follicles that contain a greater or smaller 
amount of the liquor folliculi, we notice in the fluid a 
variable number of detached granulosa cells in various 
stages of vacuolation, maceration, and disintegration. 

349. In connection with the medium-sized and 
large Graafian follicles are seen occasionally smaller 
or larger solid cylindrical or irregularly-shaped out- 
growths of the membrana sranulosa and membrana 
propria ; they indicate a new formation of Graafian 
follicles, some containing a new ovum. When these 
side branches become by active growth converted into 
larger follicles, they may remain in continuity with the 
parent follicle, or may be constricted off altogether. 
In the first case, we have one large follicle with two 
or three ova, according as a parent follicle has given 
origin to one or two new outgrowths. 

Amongst the epithelial cells constituting the strati- 
fied membrana granulosa of the ripe follicles we notice 
a nucleated reticulum. 

Many follicles reach ripeness, as far as size and 
constituent elements are concerned, long before 
puberty, and they are subject to degeneration ; but 
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this process of degeneration inyolves also follicles of 
smaller sizes. 

350. Before menstruation, generally one, occasion- 
ally two or more, of the ripe foUicles become very 
hyperaemic. They grow, in consequence, very rapidly 
in size ; their liquor folliculi increases to such a degree 
that they reach the surface of the ovary ; finally — 
i.e., during menstruation — they burst at a superficial 
point ; the ovum, with its discus proUgerus, is ejected, 
and brought into the abdominal ostium of the oviduct. 
The cavity of the follicle collapses, and a certain 
amount of blood, derived from the broken capUIaries 
of the wall of the follicle, is effused into it. The follicle 
is converted into a corpus luteum, by an active multi- 
plication of the cells of the granulosa. New capilla- 
ries with connective tissue cells derived from the theca 
folliculi externa gradually grow into the interior, le,, 
between the cells of the granulosa. This growth 
gradually fills the follicle, except the centre; this 
contains blood-pigment in the shape of granules, 
chiefly contained in large cells, and a few new 
blood-vessels, the blood-pigment bemg the remains 
of • the original blood effused into the follicle. 
But, ultimately, the pigment all disappears, and a 
sort of gelatinous tissue occupies the centre, while 
the periphery— ie., the greater part of the folHcle 
—is made up of the hypertrophied granulosa, with 
young capillary vessels between its cells. The 
granulosa cells undergo fatty degeneration, becoming 
filled with several small fat globules, which gradually 
become confluent into a big globule. In this state the 
corpus luteum is complete, and has reached the height 
of its progressive growth. The tissue is then gradually 
absorbed, and cicatrical tissue is left. When this 
shrinks it produces a shrinking of the corpus luteum. 
This represents the last stage in the life of a 
Graafian follicle. The corpus luteum of . Graafian 
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follicles, of which the ovum has been impregnated, 
grows to a much larger size than under otiier condi- 
tions, the granulosa becoming by overgrowth much 
folded. 

351. Development of tbe ovary and Graa- 
fian follicles. — The germinal epithelium of the 
surface of the foetal ovary at an early stage undergoes 
rapid multiplication, in consequence of which the epi- 
thelium becomes greatly thickened. The vascular 
stroma of the ovary at the same time increases, and 
permeates the thickened germinal epithelium. The 
two tissues in fact imdergo mutual ingrowth, as is the 
case in the development of all glands — ^viz., the epithe- 
lial or glandular part suffers mutual ingrowth with 
the vascular connective tissue stroma^ 

In the case of the ovary, larger and smaller 
islands or nests (Balfour) of epithelial cells are thus 
gradually differentiated off from the superficial epithe- 
lium. These nests are largest in the depth, and smallest 
near the surface. They remain in connection with 
one another and with the surface for a considerable 
period. Even some time after birth some of the 
superficial nests are still connected with the surface 
epithelium, and with one another (Fig. 143a). These 
correspond to the ovarial tubes (Pfliiger). While in 
the rabbit these nests are solid collections, in the dog 
they soon assume the character of tubular structures 
(Pfliiger, Schafer). The cells constituting the nests 
undergo multiplication (by karyokinesis), in conse- 
quence of which the nests increase in size, and even 
new nests may be constricted off from old ones {see 
also above). 

352. At the earliest stages we notice in the 
germinal epithelium some of the cells becoming en- 
larged in their cell-body, and especially their nu- 
cleus ; these represent the primitive ova. When the 
germinal epithelium undergoes the thickening above 
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mentioned, and when this thickened epithelium sepa- 
rates into the nests and ovarial tubes, there is a 
continued formation of primitive ova — i,e., cells ot 
the nests undergo the enlargement of cell-body and 
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IIS, by which they are converted into primitive 
ova. Like the other epithelial cells, the primitive 
ova of the nests and ovarial tubes underjjo division 
into two or even more primitive ova after the mode 
of kaiyokinesis (Balfour). Thus each nest contains 

353. The ordinary small epithelial cells of the 
nests and ovarial tubes serve to form tlie membrana 
granulosa of the Graafian follicles. According to 
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the number of ova in a nest or in an ovarial tube 
a subdivision takes place in so many Graafian follicles, 
each consisting of one ovum with a more or less 
complete investment of small epithelial cells — i.e., a 
membrana granulosa. This subdivision is brought 
about by the ingrowth of the stroma into the nests. 

The superficial nests being the smallest, as above 
stated, form the cortical layer of the small Graafian 
follicles ; the deeper ones give origin to larger follicles. 
Thus we see that the ovum and the cells of the 
membrana granulosa are derived from the primary 
germinal epithelium; all other parts — membrana 
propria, iheca externa, stroma, and vessels — ^are 
derived from the foetal stroma. 

There is a good deal of evidence to show that 
ova and Graafian follicles are, as a rule, reproduced 
after birth (Pfliiger, Kolliker), although other ob- 
servers (Bischoff, Waldeyer) hold the opposite view. 

354. (2) The oviduct. — ^The oviduct consists of 
a lining epithelium, a mucous membrane, a muscular 
coat, and an outer fibrous coat — the serous covering, 
or peritoneum. The epithelium is columnar and 
ciliated. The mucous membrane is much folded ; it 
is a connective tissue membrane with networks of 
capillary blood-vessels. In man and mammals there 
are no proper glands present, although there are seen 
appearances in sections which seem to indicate the 
existence of short gland tubes ; but these appear- 
ances are explained by the folds of the mucous 
membrane. The muscular coat is composed of non- 
striped muscular tissue of a pre-eminently circular 
arrangement; in the outer part there are a few 
oblique and longitudinal bundles. The serous cover- 
ing contains numerous elastic fibrils in a connective 
tissue matrix. 

355. (3) The uterns. — The epithelium lining 
the cavity of the uterus is a single layer of columnca 
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oells, each with a bundle of cilia, on their free surface. 
These are very easily detached, and therefore difficult 
to find in a hardened and preserved specimen. But 
in the fresh and well-preserved human uterus (Fried- 
llUider), as well as in that of mammals^ the ceUs are 
distinctly ciliated. The whole canal of the cervix is 
also lined with ciliated epithelium, but in children, 
according to Lott, only beginning from the middle. 
The surface of the portio vaginalis uteri is, like that 
of the vagina, covered with stratified pavement epithe- 
lium. 

356. The mucous membrane of the cervix is 
different from that of the fundus. In the former it is 
a fibrous tissue possessed of permanent folds — ^the 
palmsB plicatse. Few thin bundles of non-striped mus- 
cular tissue penetrate from the outer muscular coat 
into the mucous membrana Between the palmsB 
plicatse are the openings of minute gland-tubes, more 
or less cylindrical in shape. They possess a mem- 
brana propria and a distinct lumen lined with a single 
layer of columnar epithelial cells, which, according 
to some, are ciliated in the new-bom child, but, ac- 
cording to Friedlander, non-ciliated. Goblet-cells are 
met with amongst the liniug epithelium. Several 
observers (Kolliker, Hennig, Tyler Smith, and others) 
maintain the existence of minute, thin, and long 
vascular papillsB projecting above the general surface 
of the mucous membrane in the lower part of the 
cervix ; these apparent papillae are, however, only due 
to sections through the folds of the mucous membrane. 
The mucous membrane of the fundus is a spongy 
plexus of fine bundles of fibrous tissue, covered or 
lined respectively with numerous small endothelial 
plates, each with an oval flattened nucleus. The 
spaces of this spongy substance are lymph-spaces, and 
contain the glands and the blood-vessels (Leopold). 

357. The glands — fflandulie uterince — are 
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short tubular glands. They occur in the new-bom 
child chiefly at the sides j during puberty their number 
and their size increase considerably, new glands being 
formed by the ingrowth of the surface epithelium into 
the mucous membrane (Kundrat and Engelmann). 
During menstruation, and especially during pregnancy, 
they greatly increase in length. They are more or 
less wavy and branched at the bottom. A delicate 
membrana propria forms the boundary of the tube ; a 
distinct lumen is seen in the middle, and this is lined 
with a single layer of ciliated columnar epithelium 
(Allen Thomson, Nylander, Friedlander, and others). 

358. During menstruation the thickness of the 
mucous membrane increases, the epithelium of the 
surface and of the greater part of the glands being 
destroyed by fatty degeneration, and finally alto- 
gether detached. Afterwards its restitution takes 
place from the remnant in the depth of the glands. 
But according to J. Williams and also Wyder, the 
greater part of the mucous membrane, in addition to 
the epithelium, is destroyed during menstruation. 

lie muscular coat forms the thickest part of the 
wall of the uterus ; it is composed entirely of the non- 
striped variety. 

In the comua uteri of mammals the muscular 
coat is generally composed of an inner thicker circular 
and an outer thinner longitudinal stratum, a few 
oblique bundles passing from the latter into the 
former. In the human uterus the muscular coat is 
composed of an outer thin longitudinal, a middle 
thick layer of circular bundles, and an inner thick 
one of oblique and circular bundles. Within these 
layers the bundles form plexuses. 

359. The arterioles in the cervix and their capil- 
laries are distinguished by the great thickness of their 
wall. The mucous membrane contains the capillary 
netwoi'ka. These discharge their blood into veins 
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situated in the muscular coat. There the vwm are 
very numerous, and arranged in d&nse pleoniaeSy those of 
the outer and inner stratum being smaller than those 
of the middle stratum, where they correspond to huge 
irregular sinuses, the bundles of muscular tissue of 
the muscular coat giving special support to these 
sinuses. Hence the plexus of venous sinuses of the 
middle stratum represents a sort of cavernous tissue. 

360. The lymphatics are very numerous; in 
the intermuscular connective tissue of the muscular 
coat are lymph sinuses and lymph clefts forming an 
intercommunicating system ; they take up the lymph 
sinuses of the mucous membrane above mentioned, 
and on the other hand lead into a plexus of lymphatic 
vessels with valves, situated in the subserous connec- 
tive tissue. 

The nerve* entering the mucous membrane are 
connected with ganglia. According to Lindgren, there 
is in the mucous membrane a plexus of non-meduUated 
nerve-fibres, which, near the epithelium, break up 
into their constituent primitive fibrillie. 

361. (4) The vagina* — ^The epithelium lining 
the mucous membrane is a thick, stratified, pavement 
epithelium. The superficial part of the mucous mem- 
brane — -i.e., the mucosa — is a dense, fibrous, connective 
tissue with numerous networks of elastic fibres; it 
projects into the epithelium in the shape of numerous 
long, single or divided papillae, each with a simple or 
complex loop of capillary blood-vessels. The mucosa 
with the covering epithelium projects above the gene- 
ral surface in the shape of longer or shorter, conical 
or irregular, pointed or blunt, permanent folds — ^the 
rugse. These contain a plexus of large veins, between 
which are bundles of non-striped musculajr tissue; 
hence they resemble a sort of cavernous tissue. 

Outside of the mucosa is the loose submucosa 
containing a second venous plexus ; its meshes ara 
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elongated and parallel to the long axis of the vagina. 
Outside of the submucous tissue is the muscular coat, 
consisting of an inner circular and an outer longitu- 
dinal stratum of non-striped muscular tissue. Oblique 
bundles pass from one stratum into the other. From 
the circular stratum bundles may be traced into the 
submucosa and mucosa. A layer of fibrous tissue 
forms the outer boundary of the wall of the vagina, 
and in it is the most conspicuous plexus of veins, the 
plexus venosus vaginalis. This plexus also contains 
bundles of non-striped muscular tissue, and therefore 
resembles a cavernous tissue (Gussenbaur.) It is 
not quite definitely ascertained whether or not there are 
secreting glands in the mucous membrane of the 
vaginsL Yon Preuschen and also Hennig described 
tubular glands in the upper part of the fornix and in 
the introitus. 

The lymphatics form plexuses in the mucosa, sub- 
mucosa, and the muscular coat. The first are small 
vessels, the second are larger than the third and possess 
valves. The efferent vessels form a rich plexus of 
large trunks with saccular dilatations in the outer 
fibrous coat 

There are in the mucous membrane solitary lymph 
follicles aad diffuse adenoid tissue (Loevenstein). 

Numerous ganglia are contained in the nerve 
plexus belonging to the muscular coat. 

End bulbs in connection with the n^rve-fibres of 
the mucosa have been mentioned in Chapter XV. 

362. (5) The uretlu-a.— The structure of the 
female urethra is similar to that of the male, except 
that the lining epitheHum is a sort of stratified tran- 
sitional epithelium, the superficial cells being short, 
colimmar, or club-shaped; underneath this layer are 
several layers of polyhedral, or cubical cells. Near 
the orificium externum the epithelium is stratified 
pavement epithelium. 
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The muscular coat is composed of an inner longi- 
tudinal, and an outer circular, layer of non-striped 
muscular tissue. 

363. (6) The nymplm, clitoris, and vesti- 

bulninu — These are lined with thick stratified epi- 
thelium, underneath is a fibrous connective tissue 
mucous membrane, extending into the epithelium in 
the shape of cylindrical papill» with capillary loops 
and nerve-endings (end bulbs). The nymphse contain 
large sebaceous follicles, but noliairs. 

The nymphae contain a plexus of large veins with 
bundles of non-striped muscular tissue; hence it re- 
sembles a cavernous tissue (Gassenbaur). The corpora 
cavernosa of the clitoris, the glans clitoridis, and the 
bulbi vestibuli, correspond to the analogous parts in 
the penis of the male. The glands of Bartholin corre- 
spond in structure to the glands of Cowper in the 
mala 



CHAPTER XXXIIL 

THE MAMMARY OLAND. 

364. This, like other glands, consists of a frame- 
work and parenchyma. The former is lamellar fibrous 
connective tissue subdividing the latter into lobes and 
lobules and containing a certain amount of elastic 
fibres. In some animals (rabbit, guinearpig) there are 
also small bundles of non-striped muscular tissue. 
Prom the interlobular septa fine bundles of fibrous 
tissue with branched connective tissue corpuscles pass 
between the alveoli of the gland substance. The 
amount of this interalveolar tissue varies in different 
places, but in the active gland is always relatively 
scanty. 
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Migratory or lymph corpuscles are to be met with 
in the interalveolar connective tissue of both active 
and resting glands. In the latter they are more 
numerous than in the former. According to Creighton, 
they are derived, in the resting gland, from the epi* 
thelium of the gland alveoli. Granular* large yellow 
(pigmented) nucleated cells occur in the connec- 
tive tissue, and also in the alveoli of the resting 
gland, and Creighton considers them both identical, 
and derived from the alveolar epithelium. And 
according to this author, the production of these cells, 
would constitute the principal function of the resting 
gland. 

The large duels as they pass from the gland to 
the nipple, acquire a thick sheath, containing bundles 
of non-striped muscular tissue. These latter are de- 
rived from the bundles of non-striped muscular tissue 
present in the skin of the nipple of the breast. 

The small ducts in the lobules of the gland tissue 
possess a membrana propria, and a lining — a single 
layer of longer or shorter columnar epithelial cells. 

The terminal branches of the ducts, i.e., just before 
these latter pass into the alveoli, are lined with a 
single layer of flattened pavement epithelium cells ; 
they are analogous to the intermediary portion of the 
ducts of the salivary glands (see Chap. XXII.). 

365. Each of these terminal branches divides and 
takes up several alveoli (Fig. 144). These are wavy 
tubes, saccular or flask-shaped. The alveoli are 
larger in diameter than the intralobular ducts. Each 
alveolus in the active gland has a relatively large 
cavity, varying in different alveoli ; it is lined with a 
single layer of polyhedral, granular-looking, or short 
columnar epithelial cells, each with a spherical nucleus ; 
a membrana propria forms the outer limit. This mem- 
brana propria, like that of the salivary, lachrymal and 
other glands, is a basket-work of branched cells. 
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In the active gland each epithelial cell is capable 
of forming in its interior one or more smaller or lai^r 
oil globules. These may, and generally do, become 
confluent, and, pressing the nucleus towards one side 
of the cell, give to the latter the resemblance of a fafr- 
celL The oil globules are finally ejected by the cell- 
protoplasm into the lumen of the alveolus, and repre- 









sent now the rmUi globulei. The cell i 
former solid character, and commences again to form 
oil globules in its protoplasm. The epithelial cells, 
as long as the secretion of milk lasts, go on again 
and again forming oil globules in the above manner 
without being themselves destroyed (Langer). These 
milk globules, when in the lumen <yi the alveoli, are 
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enveloped in a delicate cuticle — ^the albumin mem- 
brane of Ascherson. This membrane they receive 
from the cell protoplasm. 

According to the state of secretion, most epithelial 
cells lining an alveolus may be in the condition of 
forming oil globules, or only some of them; and 
according to the rate in which milk globules are formied 
and carried away, the alveoli differ in the number of 
milk globules they contain. 

According to Schmid, the epithelial cells, after 
having secreted milk globules for some time, finally 
break up, and are replaced by new epithelial cells 
derived by the division of the other still active 
epithelial cells. 

366. The resting gland, *.«., the gland of a non- 
pregnant or non-suckling individual, contains, compara- 
tively speaking, few alveoli, but a great deal of fibrous 
connective tissue ; the alveoli are all solid cylinders, 
containing within the limiting membrana propria 
masses of polyhedral granula]>looking epithelial cells. 
During pregnancy these solid alveoU undergo rapid 
multiplication, elongation, and thickening, owing to 
the rapid division of the epithelial cells. 

Finally, when milk secretion commences^ the cells 
occupying the central part of the alveolus undergo the 
fatty degeneration just like the peripheral cellsj but 
they^ tk6., the central cells^ are eliminated, while the 
peripheral ones remain. These central cells are the 
colostrum corpuscles^ and consequently they are found 
in the milk of the fiirst few days only. 

367. Ordinary milk contains no colostrum corpus* 
cles, but only milk globules of many various sizes, from 
the size of a granule to that of a globule several times 
as big as an epithelial cell of an alveolus of the milk 
gland. These large drops are produced by fusion of 
small globules after having passed out of the alveoli. 
Each milk globule is an oil globule surrounded, as 

s— 1 
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stated above, by a thin albuminous envelope — Ascher- 
son's membrane. The small bits of granular substance 
met with here and there, are probably the remains of 
broken-down protoplasm of epithelial ceDs. 

368. Each gland alveolus is surrounded by a dense 
network of capilla/ry blood-vessels. The alveoli are 
surrounded by lymph spaces like those in the salivary 
glands (Coyne) and these spaces lead into networks of 
lymphatic vessels of the interlobular connective tissue. 



CHAPTEit XXXIV. 

tHE SKIN. 

369. The skin consists of the following layers 
(Fig. 146): — (1) the epidermis; (2) the corium, or 
cutis vera, with the papillae; (3) the subcutaneous 
tissue, with the adipose layer or the adipose tissua 

370. (1) The epidermis (Fig. 14), in aU its 
constituent elements, has been minutely described in 
Chapter III. Its thickness varies in dijfferent parts, 
and is chiefly dependent on the variable thickness of 
the stratum comeum. This is of great thickness in 
the palm of the hand and the sole of the foot. The 
stratum Malpighii fits into the depressions between 
the papUlsB of the corium as the interpapillary pro- 
cesses. The presence of prickle cells, of pigment 
granules, and of branched interstitial nucleated cells, 
(fee, has been mentioned in Chapter III. 

There occur in the stratum Malpighii migratory 
cells of granular aspect ; they appear to migrate from 
the papillary layer of the corium into the stratum 
Malpighii (Biesiadecki). 

371. (2) The coriiun is a dense feltwork of 
bundles of fibrous connective tissue, with a large 
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admixture of networks of elastic fibres. From the 
surface of the corium project email conical or cylin- 
drical -pajAllm. These are best deyeloped in those 
parts where the skin is thick, t.g., volar side of 
haad and foot, scalp, lips of mouth, &c. Between 
the surface of the corium and the epidermis there 
is a basement membrane. Migratory cells, with and 
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without pigment granules In their interior, are met 
with, especially in the superficial part of the corium ; 
they, as well as the fixed or branched connective 
tissue corpuscles (see par. 40), and other structures, as 
vessels and nerves, lie in the interfascicular spaces. 

372. (3) The superficial part of the «nbcnta- 
Deous tissue insensibly merges into the deep part of 
the corium ; it consists of bundles of fibrous connective 
tissue aggregated into trabeeulsB crossing one another 
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and interlacing in a complex manner. Numerou*! 
elastic fibres are attached to these trabeculse. It con- 
tains groups of fat cells, in many places arranged aa 
more or less continuous lobules of fat tissue, forming 
the stratum adiposum. These lobules are separated 
by septa of fibrous connective tissue ; their structure 
and development, and the distribution of the blood- 
vessels amongst the fat cells, have been described 
in par, 45. The deep part of the subcutaneous tissue 
IS loose in texture, and contains the large vascular 
trunks and the big nerve branches. 

373. The superficial part of the subcutaneous 
tissue, or, as some have it, the deep part of the 
corium, contains the sudoriparous or sweat glands. 
Each gland is a single tube coiled up into a dense 
clump of about ^ of an inch in diameter — ^in some 
places, as in the axilla, reaching as much as six times 
this size. From each gland a duct — the sudori- 
ferous canal — passes through the corium in a slightly 
wavy and vertical direction towards the epidermis; 
it penetrates more or less spirally through the inter- 
papillary process of the stratum Malpighii and the 
rest of the epidermis^ and appears with an open mouth 
on the free surface of the skin. 

The total number of sweat glands in the human 
skin has been computed by Krause to be over two 
millions ; but it varies greatly in different parts of the 
body, the largest number occurring in the palm of 
the hand, the next in the sole of the foot, the next 
on the dorsum of the hand and foot, and the smallest 
in the skin of the dorsum of the trunk. 

374. The sudoriferous canal and the coiled tube 
possess a distinct lumen ; this is lined with a delicate 
cuticle, especially marked in the sudoriferous canal 
and in the commencement of the coiled tube. In the 
epidermis the lumen bordered by this cuticle is all 
that is present of the sudoriferous canal. It receives 
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a continuation from the middle layer of the stratum 
Malpighii and from the basement membrane ; the 
former is the lining epithelium, the latter the limiting 
membrana propria of the andoriferous canal. The 
epithelium consists of two or three layers of small 
polyhedral cells, each with a spherical or oval nucleus. 



Fig. 148.— From a Beddon IhrooRh Hnnun Bkin, showliig the Sweat 
gJaud tubes cat In lariom direcUone. 

376. The structure of the sudoriferous canal ia 
then^ — a limiting membrana propria, an epithelium 
composed of two or three layers of polyhedral cells, an 
internal delicate membnuie, and, finally, the central 
cavity, or lumen. 

Tlie first part — about one-third or one-fonrth— 
of the coiled tube (Fig. 146) is of the same struc- 
ture, and is directly continuous with the sudoriferous 
canal, with which it is identical, not only in structure, 
but in size. The remainder of the coiled tube — i.e., 
the distal part — is larger in diameter, and differs ia 
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these essential respects, that its epithelium is a single 
layer of transparent columnar cells, and that there 
is between this and the limiting membrana propria 
a layer of non-striped muscle cells (Kolliker) arranged 
parallel with the long axis of the tube. In some 
places, as in the palm of the hand and foot, in the 
scrotum, the nipple of the breast, the scalp, but 
especiaUy in the axilla, this distal portion of the coiled 
tube is of very great length and breadth, and its 
epithelial cells contain a variable amount of granules. 
It appears to me that the cells resemble in this 
respect those of the serous salivary glands and the 
chief cells of the gastric glands (Langley), inas^iuch 
as they produce in their interior larger or smaller 
granules which are used up during secretion, from the 
peripheiy towards the lumen. 

376. The ceruminous iplands of the meatus 
auditorius extemus are of the same structure as the 
distal portion just described, except that the inner 
part of the cell protoplasm of the epithelium contains 
yellowish or brownish pigment, found also in their 
secretion, t.e., in the wax of the ear. 

Around the anus there is an elliptical zone, in the 
skin of which are found large coiled gland tubes — the 
circumanal glands of A. Gay — ^which are identical in 
structure with the distal portion of the sweat gland 
tubes. 

377. The sweat glands develop as a solid cylin- 
drical outgrowth of the stratum Malpighii of the 
epidermis, which gradually elongates till it reaches 
the superficial part of the subcutaneous tissue, where it 
commences to coil. The lumen of the tube is of 
later appearance. The membrana propria is derived 
from the tissue of the cutis, but the epithelium and 
muscular layer are both derived from the original 
outgrowth of the epidermia 

378. The hair^follicles (Fig. 147).— The skiu 



almost everywhere cootams cylandrical^/Kc^es, planted 
more or leea ne&r to one another, and in groups. In 
each of them is fixed the root of a hair ; that part 
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of the hair which projects beyond the general surface 
of the skin is the s?iaji. 

A very few places contain no hair-follicles, such, 
for instance, aa the volar side of the hand and foot, 
and the likm of the penis. 

In size, the hairs and hair-follicles differ in difTe' 
rent parts. Those of the scalp, the cilia of the eyelids. 
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the hairs of the axilla and pubio region, those of 
the male whiskers and moustache, are coarse and 
thick, while the hairs of other places — e.^., the skin- 
surface of the eyeUds, the middle of the arm and 
forearm, <fec. — are very minute : but, as regards struc- 
ture, they are all very much alike. 

379. A complete hair and hair-follicle — that is, the 
papillary hair of Unna — shows the following struc- 
ture : — 

The hair-follicle. Each hair -follicle commences 
on the free surface of the skin with a funnel- 
shaped opening or moiUh; it passes in an ohliqrie 
direction through the corium into the subcutaneous 
tissue, in whose middle strata — i.e,^ in the stratum 
adiposum — it terminates with a slightly enlarged 
extremity, with which it is invaginated over a rela- 
tively small fungus-shaped papilla. This latter is of 
fibrous tissue, containing numerous cells and a loop of 
capillary blood-vessels. 

Minute hairs do not reach with their follicles to 
such a depth as the large coarse hairs, the former not 
extending generally much farther than the deep part 
of the corium. Degenerating and imperfect hairs 
(see below) also do not reach to such a depth as the 
perfect large hair-follicles. In individuals with 
"woolly*' hair — e.g,, the negro race (0. Stewart), and 
in animals with " woolly " hair, such as the fleece of 
sheep — the deep extremity of the hair-follicle is 
curved, sometimes even slightly upwards, 

380. The structure of a hair-follicle is as follows 
(Fig. 148) : There is an outer coat composed of 
fibrous tissue; this is the fibrous coat of the hair- 
sac. It is merely a condensation of the surround- 
ing fibrous tissue, and is continuous with the 
papilla at the extremity of the hair-follicle. About 
the end of the hair-foUicle, or sometimes as much 
as in the lower fourth, there is inside of this 
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fibrous Iftyer of the hair-sac a single continuous 
layer of transversely or draidarly-arranged spindU' 
shaped cells, each with an ovai flattened or staff- 
shaped nucleus, completely resembling, and generally 
considered to be, 
non-striped mus- 
cle cells. Inside 
of this layer of 
the hair-sac is 
a glasay-looking, 
hyaline,basement 
membrane, which , 
is not very dis- 
tinct in minute 
hairs, but is suffi- 
ciently conspicu- 
ous in large adult 
hair - follicles. 
This glasgy mem- 

7.-™/ „c > ; Fig. l«.-CroM8eotiioiithMngh a Human Hair 

0T(l7t4, as IC la and Hair Follicle- 

called, is u, direct ■, Marmir of hair ; t. cortex uf hair : c, cntide at 

continuation of ■*Henl*a Sp/^c&'inS-"rool-ali°Blh ;™o"lcr rooj 

the basement Lc"i, fiSph"^™! iS Se amt. "• ™" " 
membrane of the 

surface of the cerium, and it can be traced as a delicate 
membrane also over the surface of the hair-papilla. 

381, Next to the glassy membrane is the outer 
root-e/teath, the moat conspicuous part of the hair-fol- 
licle. It consists of a thick stratified epithelium of 
exactly the same nature as the stratum Malpigliii of 
the epidermis, with which it la directly continuous, 
and from which it is developed. In the outer root- 
sheath the layer of cells next to the glossy membrane 
is columnar, just like the deepest layer of cells in the 
stratum Malpighii ; then follow inwards several layers 
of polyhedral cells; and, finally, flattened nucleated 
scales form the innermost boundary of the outer root- 
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sheath. The stratum granulosum of the stratum 
Malpighii is not continued beyond the mouth of the 
hair-follicle, but there it is generally very marked. 
The outer root-sheath becomes greatly attenuated at 
the papilla — ^in fact, is there continuous with the cells 
constituting the hair-bulb. 

382. The centre of the hair-follicle is occupied by 
the root of the havr, which terminates with an en- 
laired extremity — the hair-hulb; this grasps the 
whole papOla. The hair-bulb is composed of poly- 
hedral epithelial cells, separated from one another 
by cement substance, and continuous with the cells 
of the extremity of the outer root-sheath, from 
which they originate in the first instance ; just over 
the papilla there is a special row of short columnar 
cells, which ai^ in an active state of multiplication, 
and by which continuously new cells are formed. 
Thus a gradual shifting of the cells of the hair- 
bulb upwards into the cavity of the hair-follicle — 
t.e., the hair — takes place; but at the same time 
these progressing cells become elongated, spindle- 
shaped, and constitute the cells of the hair aubstcmce^ 
except in the very centre, where they remain poly- 
hedral, so as to represent the cells of the ma/rrow of 
the haivy and in the periphery, where they remain 
more or less polyhedral, so as to form the irmer root- 
sheath, 

383. The root of the hair, except at the hair- 
bulb, shows the following parts: The sv^sta^ice oftliA 
hairy ike cuiicle, and the inner rootsheatL The 
substance of the hair is composed of the hair fibree^ 
i,e,y long thin fibres, or narrow long scales, each com- 
posed of hyaline homy substance, and possessed of 
a thin staff-shaped remnant of a nucleus. These 
are held together by a certain amount of interstitial 
cement substance. Towards the bulb they gradually 
change into the spindle-shaped cells above men- 
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tioned They can be isolated b; strong acids and 
alkalies. In pigmented hairs there occur numerous 
pigment granules between the hair fibres, but also 
diffused pigment in their substance. The same is 
noticed with ireference to the hair-bulb — viz., pigment 
granules being present in the intercellular cement, 
and pigment also in the cell substance. In the centre 
of many haira ia a cylindrical space, containing gene- 
rally one row of polyhedral cells, which are, to a great 
extent, filled with air, and, in pigmented hair, also 
with pigment granulea 

3S4. On the surface of the hair substance is a thin 
cuUcle, a single layer of homy non-nucleated hyaline 
scales arranged more or less transversely j they are 
imbricated, and, according to the degree of imbrica- 
tion, the cuticle shows more or less 
marked projections, which give to the 
circumference of tJie hair the appear- 
ance of minuteteeth, like those of a saw, 

385. The inner root-sheath in well- 
formed, thick hairs, is very distinct, 
and consists of a delicate catiele neiit 
to the cuticle of the hair ; then an 
inner, or Huxlei/g, layer, which is a 
single, or sometimes double, layer of 
horny cubical cells, each with a rem- 
nant of a nucleus ; and, finally, an 

outer, or Henle's, layer — a single layer d'rmii vTewSFiSt 
of non-nucleated homy cubical cells. tmOea' saSH 

The shaft of the balr (Fig. ^^^^ ^ j^„ 
149), or the part projecting over i^^^^mtV^ 
the free sur&ce of the skin, is of 
exactly the same structure as the root, except that it 
possesses no inner root-sheath. 

386. As mentioned above, at iiiB hair-btdb the 
polyhedral cells constituting this latter gradually pass 
into the different parts of the hair — i.e., marrow-sub- 
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stance, cuticle, and inner root-sheath — and the con- 
tinual new production of cells over the papilla causes a 
gradual progression and con- 
version of the cells, and a 
corresponding growth in 
length of the hair shaft 

Pigmented hairs, as men- 
tioned above, contain pig- 
ment granules between — i.e. , 
in the interstitial substance 
cementing tt^ether — the 
hair fibres, and diffuse pig- 
ment in their Bubstance, 
According to the amount 
of these pigments, but es- 
pecially of the interstitial 
pigment granules (Pincus), 
the colour of the hair is of 
a greater or lesser dark 
tint. In red hairs there is 
chiefly diffuse pigment. In 
white or fair hairs neither 
the one nor the other 
pigment is present ; in grey 
there is air at leaat in 
the superficial layers of the 
hair substance, besides ab- 
sence of pigmont. 

Sleek hairs are circu- 
lar, curly oval, in cross-sec- 
tion, 
0,^Si".iSi?:&„ 387. K.w r.rn>atl.. 

B degenecating Hail. of balr (Fig. 150), — 

'■o'^;?™?heiSo'i'1b^h',ir'io'ii- E'^e'T Jiair, be it fine and 

H?«ioV''l)m'!'^"^y°tS4i^™ short or thick and long, 

tair'SBotp"'?. tba^S^"* Uroiih nnder normal conditions, 

Mw'MvniiriiuSi.)''""'" *" *"' ^^ **"»'? * limited exia- 
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teuce, for its hair-follicle, including the papilla, sooner 
or later undergoes degeneration, and subsequent to 
this a new papilla and a new hair are formed in its 
place. What happens is this — ^the lower part of 
the hair-follicle, including the papilla and hair-bulb, 
degenerates and is gradually absorbed. Then there 
is left only the upper part of the follicle, and in 
the centre of this is the remainder — i.e., non-degene- 
rated portion — of the hair root The fibres of this are 
at the extremity fringed out and lost amongst the 
cells of the outer root-sheath of the follicle. This 
represents the havr-knob (Henle). Now, from the 
outer root-sheath a cylindrical outgrowth of epithe- 
lial cells into the depth takes place; against the 
extremity of this a new papilla is made. In con- 
nection with this new papilla, and in the centre of 
that cylindrical outgrowth, a new hair and hair-bulb 
are formed, and as these gradually grow outwards 
towards the surface they lift, or rather push, the old 
hair — Le,, the hair-knob — out of the follicle. The 
outer part of the follicle of the old hair persists. 

Thus we find in aU parts of the skin where hairs 
occur, complete or papillary hairs side by side with 
degenerating hairs, or hair-knobs» 

388» Development of hair.— In the human 
foetus the hair-follicles make their first appearance about 
the end of the third month, as solid cylindrical out- 
growths from the stratum MalpighiL This is the rudi- 
ment of the outer root-sheath. After having j)ene- 
trated a short distance into the corium, this latter be- 
comes condensed around it as the rudiment of the hair- 
sac, and at the distal extremity forms the papilla 
growing against the outer root-sheath and inva- 
ginating it. In connection with the papilla a rapid 
multiplication of the epithelial cells of this extremity 
of the outer root-sheath takes place, and this forms the 
hair-bulb, by the multiplication of whose cells the hair 
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and the inner root-sheath are formed. As growth 
and multiplication proceed at the hair-bulb, so the 
new hair, with its distal-pointed end, gradually reaches 
the outer surface. It does not at once penetrate the 
epidermis, but remains growing and burrowing its 
way for some time in the stratum comeum of the 
epidermis in a more or less horizontal direction. 

389. In many mammals occur, amongst ordinary 
hairs, special large hairs, with huge hair-follicles 
planted deeply into the subcutaneous tissue j such 
are the big hairs in the skin about the lips of the mouth 
in the dog, cat, rabbit, guinea-pig, mouse and rat, &c. 
These are the tactile hairs. Their hair-follicle pos- 
sesses a thick hair-sac, in which are contained large 
sinuses intercommunicating with one another and 
with the blood system ; these sinuses are separated by 
trabeculflB of non-striped muscular tissue, and repre- 
sent, therefore, a cavernous tissue. The papilla is 
very huge, and so is the outer root-sheath and the 
hair-root in all its parts. There are vast numbers of 
nerve-fibres, distributed and terminating amongst the 
cells of the outer root-sheath (Amstein). 

390. "With each hair-follicle is connected one or 
two sebaceous follicles. These consist of several flask- 
shaped or oblong alveoli, joining into a common short 
duct opening into the hair-follicle near the surface — 
t.e., that part called the neck of the hair^foUicle. 

The alveoli have a Umiting membrana propria; 
next to this is a layer of small polyhedral, granular- 
looking, epithelial cells, each with a spherical or oval 
nucleus ; next to this, and tilling the entire space of 
the alveolus, are large polyhedral cells, each with a 
spherical nucleus; the cell-substance is filled with 
minute oil-globules, between which is left a sort of 
honeycombed reticulated stroma. The cells nearer to 
the centre of the alveolus are the largest. To- 
wards the duct they become shrivelled up into an 
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amorphous mass. Th« duct itself is a continuation of 
the outer root-sheath. 

As multiplication goes on in the marginal layer of 
epithelial cells — t.e., those next the membrana propria 
— the products of this multiplication are gradually 
shifted forward towards the duct, and through this 
into the neck and mouth of the hair-follicle, where 
they constitute the elements of aehv/ni. 

There is a very characteristic misproportion be- 
tween the size of the hair-follicle and that of the 
sebaceous gland in the embryo and new-bom, the 
sebaceous gland being there so large that it forms the 
most conspicuous part, the minute hairs (lanugo) being 
situated, as it were, in the duct of the sebaceous 
follicle. 

391. In connection with each hair-follicle, espe- 
cially where they are of good size — as in the scalp — 
there is a bundle, or rather group of bundles, of non- 
striped muscular tissue ; this is the corrector pili, It is 
inserted in the haiivsac near the bulbous portion of the 
hair-follicle, and passes in an oblique direction towards 
the surface of the corium, grasping, as it were, on its 
way the sebaceous follicle, and terminatiag near the 
papillary layer of the surface of the corium. The 
arrector pili forms with the hair-follicle an acute 
angle — ^this latter being planted into the skin in an 
oblique direction, as mentioned above — and conse- 
quently, when the arrector contracts, it has the effect 
of raising the hair follicle and hair (cutis anserina — 
"goose's skin**), and of making the hair assume a 
more upright position (causes it, as we say, to " stand 
on end"). At the same time, it compresses the 
sebaceous follicle, and thus facilitates the discharge oi 
the sebum* 

392. The corium of the scrotum, of the nipple of 
the breast, of the labia pudendi majora, and of the 
penis, contains numbers of bundles of non-striped 
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muscular tiaaua (Kolliker), independent of the hairs ; 
these run in a,a oblique and horizontal direction, and 
form plexuses. 

393. The noUs (Fig. 151). — We distinguish the 
hody of the nail from tie free trun-gin and from the 



t'ig. 151.— Vartioal Section tluoagta the Buauui Mftil and Nul-bed. 

mot ; the body is the nail proper, and ia fixed on to 
the TuiiHed, while the nail-root is fixed on the nail- 
matrix — i.e., the ]X)sterior part of the nail-bed. The 
nail is insertfl^d, with the greater part of its lateral 
and the posterior margin, in tiie nail-groove, a fold 
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by which the nail-matrix passes into the surrounding 
skin. 

394. The svhstance of the nail is made up of a 
large number of strata of homogeneous homy scales — 
the nailrceUs — each with a staff-shaped remnant of a 
nucleus. 

The corium of the nail-bed is highly vascular ; it 
is firmly fixed by stiff bands of fibrous tissue on the 
subjacent periosteum; it is covered with a stratum 
Malpighii of the usual description, except that the 
stratum granulosum is absent in the nail-matrix, but 
is present in a rudimentary state in the rest of the 
nail-bed. The nail itself represents the stratum 
lucidum, of course of exaggerated thickness, situated 
over the stratum Malpighii of the nail-bed. There 
is no stratum comeum over the nail. 

The stratum Malpighii and corium of the nail-bed 
are placed into permanent minute folds, and the nail 
possesses on its lower surface corresponding linear 
indentations. 

395. In the fcetal nail-bed the stratum Malpighii 
is covered with the usual stratum lucidum and stratum 
corneum, but the former is the larger; by a rapid 
multiplication of the cells of the stratum Malpighii, 
and a conversion of its superficial cells into the scales 
of the stratum lucidum, the foetal nail is produced. 
At this early stage the nail is covered by stratum 
comeum. By the end of the fifth month the margin 
breaks through this stratum comeum, and by the 
seventh month the greater part has become clear 
of it. 

396. The blood-vessels of the skin.— The 
blood-vessels are arranged in different systems for the 
different parts of the skin (Tomsa) : — 

(a) There is, first, lAie vascular system of the 
adipose tissue, differing in no way from the dis- 
tribution of blood-vessels in fat tissue of other places. 
T_l 
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{b) Then there is the vascular system of the hair- 
follicles. The papilla has a capillary loop, or rather 
a minute arteriole, a capillary loop, and a descending 
vein, and the fibrous tissue of the hair-sac possesses 
capillaries arranged as a network with elongated 
meshes, with its afferent arteriole and efferent vein. 

(c) The sebaceous follicle has its afferent arteriole 
and efferent vein, and capillary networks surrounding 
the alveoli of the gland. The arrector pili and other 
bundles of non-striped muscular tissue possess capil- 
lary networks with elongated meshes. 

(d) The sweat-slands have an afferent arteriole, 
from which proceeds a very rich network of capU- 
Uries, twining and twisting round the glaiid-tube. 
The duct possesses its separate afferent arteriole and 
capillaries, forming elongated meshes. 

(e) The last arterial branches are those that reach 
the surface of the coiium, and there break up into a 
dense capillary network with loops for the papillae. 
In connection with these capillaries is a rich plexus of 
veins in the superficial layer of the corium. 

(J) In the nail-bed are dense networks of capil- 
laries, with loops for the above-named folds. 

397. The lymphatics. — ^There are networks of 
l3rmphatic vessels in all strata of the skin ; they are, 
more or less, of horizontal expansion, with oblique 
branches passing between them. Their wall is a 
single layer of endothelial cells, and some of them 
possess valves. Those of the surface of the corium 
take up lymphatics of the papillae. The subcutaneous 
lymphatics are the biggest. The fat tissue, the sweat- 
glands, and the hair-follicles possess their own lym- 
phatic clefts and sinuses. The interfascicular spaces 
of the corium and subcutaneous tissue are directly 
continuous with the lymphatic vessels in these 
parts. 

398. The nerves.— The nerve-branches break up 
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into a dense plexus of fine nerve-fibres in the super- 
ficial layer of the corium. This plexus extends hori- 
zontally, and gives off numerous elementary fibrils 
to the stratum Malpighii, in which they ascend verti- 
cally and in a more or less wavy fashion towards the 
stratum lucidum (Langerhans, Podkopaeff, Eberth, 
Eimer, Ranvier, and others). According to some, they 
terminate with a minute swelling ; according to others, 
they form networks ; but they always remain between 
the epithelial cells. 

The subcutaneous nerve-branches of some places 
— palm of hand and foot and skin of penis — give 
off single meduUated nerve-fibres, terminating in a 
Pacinian corpuscle, mentioned in a former ' chapter. 
In the volar side of the fingers and toes there occur 
iu some of the papillae of the corium the tactile or 
Meissner's corpuscles, each connected with one or two 
medullated nerve-fibres, as described in a previous 
chapter. The outer root-sheath of the hair-follicles 
contains the terminations of fine nerve-fibres, in the 
shape of primitive fibrillce (Jobert, Bonnet, and 
Amstein). According to Jobert, the nerve-fibres 
entwine the hair-follicle in circular turns. The tactile 
hairs possess a greater supply of nerves than the 
ordinary hair-follicles. 



CHAPTER XXXV. 

THE CONJUNCTIVA AND ITS GLANDS. 

399. (1) The eyeUds—- The outer layer of the 
eyelids is skin of ordinary description ; the inner is a 
delicate, highly vascular membrane — the conju/nctiva 
palpobrce. This includes a firm plate — the taracd-plate 
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— which is not cartilage, but very dense, white, fibrous 
tissue. ^ In it lie embedded the Meibomian glcmds. 
These extend in each eyelid in a vertical direction 
from the distal margin of the tarsal-plate to the free 
margin of the eyelid ; in the posterior angle of this 
margin lies the opening or mouth of each of the 
Meibomian glands. 

The duct of a Meibomian gland is lined with a 
continuation of the stratified pavement epithelium, 
lining the free margin of the lid; it passes in the 
tarsal-plate toward its distal margin, and takes up on 
all sides short minute ducts, each of which becomes 
enlarged into a spherical, saccular, or flask-shaped 
alveolus. This is identical in structure and secretion 
with the alveoli of the sebaceous follicles of the 
skin, 

400. The conjunctival layer is separated from the 
subcutaneous tissue of the skin-layer of the eyelid by 
the bundles of the sphincter orbicularis — striped mus- 
cular tissue. Some bundles of this extend near the 
free margin of the lid, and represent what is known 
as the musculus ciliaris Kiolani. This sends bundles 
around the mouth of the Meibomian ducts. 

401. At the anterior angle of the free margin of 
the lid are the eyelashes or ciliay remarkable for their 
thickness and rapid reproduction. Near the cilia, but 
towards the Meibomian ducts, open the ducts of pecu- 
liar large glands — the glands of Mohl Each of these 
is a wavy or spiral tube, passing in a vertical direction 
from the margin of the lid towards its distal part ; it 
completely coincides in structure to the large portion 
of a sweat gland — i.e., that part containing a columnar 
epithelial lining, and between this and the membrana 
propria a longitudinal layer of non-striped muscular 
cells. 

The free margin is covered, as mentioned above, 
with stratified pavement epithelium, into which the 
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mucous membrane extends in the shape of minute 
papillae. In the conjunctiva palpebrse the epithelium 
is thin, but stratified pavement epitheHum; there are 
no papillae, but the sub-epithelial mucosa — ^that is, the 
layer situated between the epithelium of the surface 
and the tarsal-plate — contains a dense network of 
capillary blood-vessels. 

402. Passing from the eyelids on to the eyeball, 
we have the continuation of the conjunctiva palpebrse 
— 1.6., the fornix conjunctivae— and, further, the con- 
junctiva fixed to the sclerotic, and terminating at the 
margin of the cornea — the conjunctiva bulbi The 
epithelium covering the conjunctiva fomicis and con- 
junctiva bulbi is stratified epithelium, the superficial 
cells being short columnar; next to the fornix the 
superficial cells are beautiful columnar, and the 
mucosa underneath the epitheHum is placed in regular 
folds (Stieda, Waldeyer). Towards the cornea the 
epithelium of the conjunctiva assumes the character 
of stratified pavement epithelium, and minute papillae 
extend into it. from the mucosa. 

403. The mucous membrane is fibrous tissue, 
containing the networks of capillary blood-vessels. 

Into the fornix lead minute mucous glands, em- 
bedded in the conjunctiva fomicis ; they are the glanda 
of Krause. Similar glands exist in the distal portion 
of the tarsal-plate. 

404. The blood-vessels of the conjunctiva ter- 
minate as the capillary network of the superficial 
layer of the mucosa, and as capillary networks for the 
Meibomian glands, Krause's gland, &c. Around the 
corneal margin the conjunctival vessels are particu- 
larly dense, and loops of capillaries extend from it 
into the very margin of the cornea. 

405. The lympliatics form a superficial and 
deep network. Both are connected by short branches. 
The deep vessels are possessed of valves. The super- 
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ficial plexus is densest at the limbus comese, and they 
are in direct connection with the interfascicular 
lymph clefts, both of the sclerotic and cornea. In 
the margin of the lid the superficial lymphatics of 
the skin anastomose with those of the conjunc- 
tiva. 

Lymph follicles occur in groups in the conjunctiva 
of many mammals about the inner angle of the eye. 
In the lower eyelid of cattle they are very con- 
spicuous, and known as the glands of BrucL They 
are also well-marked in the third lid of many 
mammals. 

According to Stieda and Morano, isolated lymph 
follicles occur also in the human conjunctiva. 

406. The nerves are very numerous in the con- 
junctiva ; they form plexuses of non-medullated fibres 
underneath the epitheliuro. From these plexuses fine 
fibrils pass into the epithelium of the surface, between 
whose cells they terminate as a network (Helfreich, 
Morano). End bulbs of Krause occur in great num- 
bers in man and calf. They have been mentioned in 
a former chapter. 

407. (2) Tbe lachrymal glands are identical 
in structure with the serous or true salivary 
glands. The arrangement of the connective tissue 
stroma, the nature and structure of the ducts — espe- 
cially of the intralobular ducts — and alveoli, the dis- 
tribution of blood-vessels and lymphatics, are exactly 
the same as in the true salivary glands. Keichel 
has found that the epithelial cells lining the 
alveoli are well defined, conical or cylindrical, trans- 
parent and slightly granular duiing rest; but 
during secretion they grow smaller, more opaque 
and gi'anular, their outlines not well defined, and 
the nucleus becomes more spherical and placed more 
centrally. 

408. In most mammals there is in the inner 
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angle of the eye, and closely placed against the sur- 
face of the eyeball, a gland, called Harder^ 8 gland. 
According to Wendt, this is either a true serous 
gland, like the lachrymal — as in the ox, sheep, and 
pig — or it is identical in structure with a sebaceous 
gland, as in the mouse, rat, and guinea-pig ; or it 
consists of two portions, one of which (white) is 
identical with a sebaceous, while the other (rose- 
coloured) is a true serous gland; such is the case in 
the rabbit and hare. According to Giacomini, a 
rudiment of Harder's gland exists also in the ape 
and man. 



CHAPTER XXXYI. 

THE CORNEA, SCLEROTIC, LIGAMENTUM PECTINATUM, 

AND CILIARY MUSCLE. 

409. I. The cornea (Fig. 152) of man and many 
mammals consists of the following layers, counting 
from front to back : — 

(I) The epithelium of the anterior atir/ace (see 
Fig. 16) ; this is a very transparent, stratified, pave- 
ment epithelium, such as has been described in par. 
22. It is directly continuous with the epithelium of 
the conjunctiva, but it is more transparent ; in dark 
pigmented eyes of mammals the epithelium of the 
conjunctiva is also pigmented. In these cases the 
pigment, as a rule, does not pass beyond the margin 
of the cornea. 

410. (2) Next follows a homogeneous elastic mem- 
brane, Bfyumux/n^s raernbrane, or elastica anterior. It 
is best shown in the human eye, but is present, even 
though only rudimentary, in the eye of mammals. 
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(3) Tbefl follows the gmund subtfance, or Bub- 
Btantia propria, of the cornea. This ia composed of 
lamella ot bundles 
of fibrous connective 
tiBsne. ^Neighbouring 
lamelle are connected 
with one another by 
oblique bundles. 

The fibre bundles 
within each lamella 
run parallel to the sur- 
face of the cornea, but 
may cross one another 
under various angles. 

In the anterior 
layer of the ground 
substance some of the 
bundles pass through 
several lamelhe in an 
oblique manner; they 
represent the fibne 
arcuat». 

The fibrils within 
the bundles, and the 
bundlee, and the )a- 
mellee of bundles are 
held together by an 
interstitial, albumin- 
ous, semi-fluid, cement 
substance, which, like 
other similai' interati- 
„ ,„ „ „_..,„.. tial substances, be- 

Pig. 152,— From s Vertical Section , , ,, , , ,. 

tW^li the Membmues or the Eja longs to the globulins, 

»* '^^'^ and is soluble in 10 

*dii!ri"^ViiS'"t«S''SiitT.«?™" Pef cent- saline solu- 

ph(>^aZ^ii™?Ii!i2?re'Blui'nf th'nrs ''o" (Schweigger Sei- 

!l™i^' t^Sl)'^'''"" '"'""'° '" ""^ del). A few elastic 
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fibrils are seen here and there. Between the lamellaB 
are left the lacunse and canaliculi for the branched, 
flattened, nucleated corneal corpuscles^ described in 
a previous chapter (Figs. 25, 26). They anasto- 
mose with one another within the same plane, and 
also, to a limited degree, with those of neighbouring 
planes. 

411. (4) The membrana Bescemeti, or elastica 
posterior, is a resistent elastic membrane, conspicuous 
by its tMcknesa in all comese. 

(5) The posterior surface of this membrane is 
covered with a mosaic of beautiful polygonal endo- 
thelial cells, each with an oval nucleus — ^the en- 
dothelium of Descemet's membrana Under stimu- 
lation these cells contract. At first they appear 
slightly and numerously branched, but gradually 
th6ir processes become longer and fewer, and 
ultimately they are reduced to minute clumps 
of nucleated protoplasm, each with a few long pro- 
cesses. 

There are no blood-vessels in the normal cornea, 
except in foetal life, when there is underneath the 
anterior epithelium a plexus of capillaries. 

The lymphatics are represented as the inter- 
communicating lymph-canalicular system — i.e., the 
lacunae and canaliculi of the corneal corpuscles ; and 
in connection with these are lymph channels lined 
with a continuous endothelium and containing the 
nerve bundles. 

412. The nerves (Figs. 68, 69, 70) are distri- 
buted as the nerves of the anterior layers, and as 
those of the Descemet's membrane. The first form 
rich plexuses of fibrillated axis cylinders, with trian- 
gular nodal points (Oohnheim), in the anterior layers of 
the ground substance ; from this plexus pass obliquely 
through Bowman's membrane short branches- — ^the 
rami perforantes (Kolliker) — and these immediately 
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underneath the epithelium break up into their con- 
stituent primitive fibrils, the latter coming off the 
former brush-like (Cohnheim). These primitive 
fibrillsB ultimately ascend into the anterior epithelium 
(Hoyer, Cohnheim, and others), where they branch, 
and nearly reach the surface. They always run 
between the epithelial cells, and are connected into 
a network. According to some observers, they termi- 
nate with free ends, pointed or knobbed ; but according 
to others, with whom I agree, these apparent free ends 
are not in reaUty free eudings. 

413. The nerves of Descemet's membrane form 
also a plexus of non-medullated fibres in the posterior 
layers of the ground substance; from them come 
off vast numbers of primitive fibrillae, running a more 
or less straight and long course, crossing one another 
often under right angles; they give off very fine 
fibrils, which are closely associated "^th the corneal 
corpuscles, without, however, really becoming con- 
tinuous with their protoplasm. 

414. II. The sclerotic consists of lamellae of 
tendinous tissue. The bundles of fibrous tissue are 
opaque as compared with those of the cornea, although 
they pass insensibly into them. There are lymph 
clefts between the lamellse and trabeculse, and in 
them lie the flattened connective tissue corpuscles, 
which, in the dark eyes of some mammals only, contain 
pigment granules. Numerous elastic fibrils are met 
with in the inner layers of the sclerotic. 

415. Between the sclerotic and choroid membrane 
is a loose fibrous tissue, which acts also as the sup- 
porting tissue for the blood-vessels passing to and from 
the choroid. The part of this loose tissue next 
to the sclerotic, and forming part, as it were, of 
the sclerotic, contains, in dark eyes of mammals, 
numerous pigmented connective tissue corpuscles ; it 
is then called lamina fuaca. The rest — i.6., next 
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to the choroid membrane — is the supra-choroidal 
tissue. 

416. There are blood-vessels in the sclerotic, which 
belong to it : they are arterioles, capillaries, and 
veins ; in addition to these are the vascular branches 
passing to and from the choroid. 

417. III. The ligamentum pectinatum 
iridis (see Fig. 152) is a conical mass of, spongy tissue, 
joining firmly the cornea and sclerotic to the iris and 
ciliary processes. It forms an intimate connection, on 
the one hand, with the junction of cornea and sclerotic, 
and on the other, with that of the iris and ciliary pro- 
cesses. This ligament is composed of trabeculaB and 
lamellae of stiff elastic fibres, forming a continuity, on 
the one hand, with the lamina Descemeti of the cornea 
and the elastic fibres of the sclerotic, and on the other,- 
with the tissue of the ciliary border of the iris. The 
trabeculse anastomose, so as to form a honeycombed 
plexus, and the spaces in this plexus are lined 
with a layer of flattened endothelial cells, directly 
continued from the endothelium of Descemet's mem- 
brane, on the one hand, and with the layer of endo- 
thelial cells covering the anterior surface of the iris, 
on the other hand. In some mammals, the spaces 
in the ligamentum pectinatum at the iris end are 
very considerable, and are called the spaces of 
Fontana. 

The interlamellar and interfascicular lymph- 
spaces of the sclerotic form an intercommunicating 
system. 

The nerves form a dense plexus of non-medullated 
fibres in the tissue of the sclerotic (Helfreicli). 

At the point of junction of the cornea and sclerotic, 
but belonging to the latter, and in the immediate 
neighbourhood of the ligamentum pectinatum iridis, 
is a circular canal — the canal of Schlemm; this is 
lined with endothelium, and is considered by some 
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(Schwalbe) as a lymphatic canal; bj others (Leber) 
as a venous vessel. 

418. IV. The cUiajT muscle (Fig. 152) or 
tensor choroidese, is £xed to this ligamentum pecti- 
natum ; it is composed of bundles of non-striped 
muscular tissue. This muscle consists of two parts : 
(a) one of circular bundles nearest to the iris — ^this 
is the portio Miilleri ; (i) the greater part is composed 
of radiating bundles, passing from the ligamentum 
pectinatum in a meridional direction for a consider- 
able distance backwards into the tissue of the choroid 
membrane. It occupies the space between the liga- 
mentum pectinatum, sclerotic, cilisiry processes, and 
the adjoining portion of the choroid membrane. 
The bundles of the muscle are arranged more 
or less in lamellae; within each lamella they form 
plexuses. 

A rich plexus of non-medullated nerve-fibres, with 
groups of ganglion cells, belongs to the ciliary muscle. 



CHAPTER XXXVII. 

THE IRIS, CILIARY PROCESSES, AND CHOROID. 

419. I. The iris consists of the following layers : — 

(1) The endothelium of the anterior surf ace : trans- 
parent, flattened, or polyhedral cells, each with a 
spherical or slightly oval nucleus ; in dark-coloured 
eyes of man and mammals brown pigment granules 
are contained in the cell-substance. 

(2) A delicate hyaline basement membrane : it is 
continuous through the trabeculse of the ligamentum 
pectinatum, with the membrana Descemeti of the 
cornea. 
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(3) The substantia propria: this is the ground- 
substance ; it consists of fibrous connective tissue in 
bundles, accompanying the blood-vessels, which are 
very numerous in the tissue of the iris. Many 
connective tissue corpuscles are found in the sub- 
stantia propria ; they are more or less branched, and 
many of them contain, in all but albino and blue 
eyes, yellowish-brown pigment granules. The colour 
of the iris varies according to the number of these 
pigmented connective tissue cells, and to the amount 
of the pigment granules present in them. 

(4) A hyaline delicate basement membrane limits 
the substantia propria at the posterior surface ; this 
is an elastic membrane, and is continued over the 
ciliary processes and choroid as the lamina vitrea, 

420. (5) The last layer is the epithelium of the 
posterior surface : this is a layer of polyhedral cells, 
filled with dark pigment granules, except in albinos, 
where there are no pigment granules. This endo- 
thelium is called the uvea, or tapetum nigrum. The 
interstitial cement substance between the cells is not 
pigmented, but transparent. 

The name "uvea'* is sometimes applied to the 
whole of the iris, ciliary processes, and choroid mem- 
brane. 

In blue eyes the posterior epithelium is the only 
pigmented part of the iris, and so it is also in the 
iris of new-bom children ; hence, their eyes are blue. 
Such iris appears blue because its dull tissue is viewed 
on dark ground — i,e., on the pigmented epithelium of 
the posterior surface. 

421. Near the pupillary border the posterior sec- 
tion of the substantia propria contains a broad layer 
of circular bundles of non-striped muscular tissue : 
this is the sphincter jncpiUce, In connection with this 
are bundles of non-striped muscular fibres, passing in 
a radiating direction towards the ciliary margin of the 
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iris : these are the bundlea of the dilatator pupilla, 

forming a sort of thin .membrane uear the posterior 

surface of the iria (Henle and othera). At the ciliary 

margin the bundles take a 

circular direction, and form a 

plexus (Ivanoff). 

422. The blood-ve»Bel8 
(Fig. 153) of the iria are 
very numerous. The arteries 
are derived from the circulus 
arteriosus iridia major, situated 
at the ciliary margin of the 
iria, and from the arteries of 
the ciliary processes. These 
arteries run in a radiating 
direction towards the pupillary 
margin, where they terminate 
in a dense network of capillaries 
for the sphincter pupillie. But 
there are also numerous capil- 
lary blood-veasels of a moie or 
lesa longitudinal direction near 
the poaterior surface of the iris. 
The veins accompany the arte- 
I ries, and both are situated in 

the middle stratum of the 
P:>. 1S3. — Biood-vflBseifl aubstantia propria. 

(iofeotfld) of the Iris r iL i. H. i- .1 n i 

ud Choroid MBmbraoie ^^ the sheath of the blood- 

o( the Eye of. Child. vessels are lymph ckfu and 
'■fc'™' Kr™iiJ''a''bi«Hi- lymph eivMse» ; there appear to 

K™"o(^rto"?iii»5'"'pr.* ^ "o 0*1'^'' lymphatics. 

Si^iri.1/A™jiSrj"'n'«- 423, The uerve-flbres 

dm(K«iiSw,ijHi'Sriioii^i ^re very numerous (Arnold, 
Formad), and in the outer or 
ciliary portion of the iris form a rich plexus, from 
which are derived, {a) networks of non-medullated 
fibres for the dilator pupilltej (i) a network of fine 
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non-medullated fibres for the anterior surface ; and 
(c) a network of non-medullated fibres for the 
sphincter pupillse. 

The capillary blood-vessels are also accompanied 
by fine nerve-fibres (A. Meyer), and, according to 
Faber, there exist ganglion cells in these nerve net- 
works. 

424. IL The ciliary processes are similar in 
structure to the iris, except, of course, that they do 
not possess an anterior endothelium or an anterior 
basement membrane. The substantia propria is 
fibrous tissue with elastic fibres and numerous 
branched cells, pigmented in dark (but not in blue) 
eyes. The posterior basement membrane is very 
thick, and is called the lamina vitrea ; in it may be 
detected bundles of fine fibrils. It possesses perma- 
nent folds arranged in a network (H. Muller). The 
inside of it is covered with a layer of pigmented poly- 
hedral epithelium, the tapetum nigrwm : the cells are 
polygonal when viewed from the surface. The in- 
dividual cells are separated by thin lines of a trans- 
parent cement substance. This pigmented epithelium 
is covered with a layer of transparent columnar 
epitheloid cells, each with an oval nucleus. These are 
closely fixed on the tapetum nigrum, and represent a 
continuation of the retina over the ciliary processes : 
this is the 'pars dliaris retincB (Fig. 164). 

425. The arterial branches for the ciliary processes 
and muscle are chiefly derived from the circulus arte- 
riosus iridis major, and form a dense network of 
capillaries for the former; to each of these corre- 
sponds a conical group of capillaries (Fig. 153). 

426. III. The choroid membrane consists — 
counting from outwards, t.6., from the sclerotic, inwards, 
i,e.f towards the retina — of the following layers : — 

(1) The membrana supra-choroidea. This is a 
continuation of the sclerotic, with which it is identical 
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in structure ; the spaces between its lamelln are 
lined with endothelium, and repreaent lymph spaces 
(Schwalbe). 

(2) Next follows an elastic layer which contains 
networks of elastic fibres, the branches of the arteries 



Fig. IM,— Fmm a Teriteal eeotion throDgh tOu COlur J'tootaei of 

'proper menibrui« of c1ieci1itU7pr(>c6i«;V 
the piucetltr Burfbce at the cUlu-f proo 

and veins, and, in its outer portion, pigmented cells 
(Fig. 155). 

427. (3) Then follows the membrana chorio- 
capillaris, a dense network of capillary blood-vessels 
embedded in a tissue containing numerous branched 
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and unbranched pigmented and unpigmented connec- 
tive-tissue cells. 

(4) The lamina vitrea ; and, finally, 

(5) The tapetum nigrum, or the pigmented epithe- 
lium, which, however, is considered part of the 
retina. In the region of the ora serrata of the 
retina also — i.e., next 

to the ciliary processes 
— this zone of the 
choroidea is lined 
with a layer of trans- 
parent, columnar, 
epitheloid cells, re- 
presenting the pars 
ciliaris retinae. 

428. The arterise 
ciliares breves and recurrentes, situated in the outer 
pai*t of the choroidal tissue, form ultimately the dense 
networks of capillaries for the chorio-capillaries. The 
veins derived from this pass into the outer part of 
the choroid, where they anastomose so as to form the 
peculiar large veins, which are called the venae 
vorticosse. 




Fig. 155. — Figrmented ConnectiTe Tissae 
Cells of the Choroid Coat. (Atlas.) 



CHAPTER XXXVIII. 

THE LENS AND VITREOUS BODY. 

429. (1) The lens consists of a thick, firm, elastic 
capsule and of the lens substance. The former shows 
fine 'longitudinal strise, and diminishes in thickness 
towards the posterior pole of the lens. The surface 
of the capsule facing the anterior surface of the lens- 
substance is lined with a single layer of polyhedral, 
granular-looking, epithelial cells, each with a spherical 
or oval nuclejus. This epithelium stops as such at the 
u— 1 
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margin of the lens, -where its cells, gradually elonga- 
ting, pass into the leus-fihres. The nuclei of these 
lie in a curved plane belonging to the anterior half of 
the lens : this is the nitclear zone. The lene-snbstance 
consists of the l&ne-fibree. These are band-like, hexa- 
gonal in transverse section ; their oulJine is beset 
with numerous fine ridges and furrows, which in 
neighbouring fibres, fitting the one into the other, 
form a firm connection between the fibres (Valentin, 
Henle, Kblliker, and others). The fibres of the 
peripheral portion are broader and thicker, and their 
substance less firm than those of the centre^ — i.e., of 
the lens-nucleus. The substance of the lens-fibres is 
finely granular and delicately and longitudinally 
striated. 

430, The lens fibres (Fig. 156) are arranged in 
concentric lamelhe, each consisting of a single layer of 
fibres joined by their broad 
surfaces. Kach fibre is slightly 
enlarged at the extremities ; 
and in each lamella the fibres 
extend from the anterior to the 
posterior surface. Their ex- 
tremities are in contact with 
the ends of the fibres of the 
same lamella in the euturea, or 
the rays of the so-called lens 
Pie. 156.— From a Section stara. In the lens of the new- 
awugii tbe Leus oi born child, the stars of both 
sbnwinB fnur lam^iite ; In anterior and posterior lameJluB 
n^™ «re ™',E!Jibb' th!? possess three such rays, while 
l^uiiaJ,"'"'*'''"'"" "1 the adult each of these rays 
has secondary rays. In these 
rays there is a homogeneous tJiin layer of an albu- 
minous cement substance ; a similar substance in 
minute quantity is also present between the lamellie, 
and in it occiu- smaller or larger clefts and channels, 
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which evidently carry the nutritious fluid for the lens- 
fibres. 

431. (2) The vitreous body is a fluid substance 
enclosed in a delicate hyaline capsule — the meinbrana 
hyaloidea. This membrane, at the margin of the 
fossa patellaris of the vitreous body — i,e., the fossa in 
which the lens is lodged — ^but without covering it, 
passes as the zonula ciliaris, or zonula Zinnii, or 
suspensory ligament of the lens, to the margin of the 
latter, to which it is firmly adhering. So it adheres 
also to the surface of the ciliary processes. The 
zonula Zinnii is hyaline and firm, and is strengthened 
by numbers of bundles of minute stiff' fibrils. 

Between the suspensory ligament of the lens, the 
margin of the lens and of the fossa patellaris is a 
circular lymph space, called the canalis Petiti. 

Beneath the membrana hyaloidea are found iso- 
lated nucleated granular-looking cells (the subhyaloid 
cells of Oiaccio), possessed of amoeboid movement 
(Ivanofl^). 

432. The substance of the corpus vitreum appears 
differentiated by clefts, concentric in the peripheral, 
radiating in the central, part (Brttcke, Hannover, 
Bowman, Ivanoff*, Schwalbe). But these do not 
contain any distinct membranous structures (Stilling, 
Ivanoff", Schwalbe). 

The canalis hyaloideus, or canal of Stilling, extends 
from the papilla nervi optici to the posterior capsule 
of the lens, and is lined with a continuation of the 
membrana hyaloidea. 

433. In the substance of the corpus vitreum occur 
isolated nucleated cells ; they have amoeboid move- 
ments, and some contain vacuoles, from commencing 
degeneration. They are all identical with white 
blood-corpuscles (Lieberkiihn, Schwalbe). 

Fine bundles of fibrils are occasionally seen in the 
substance of the vitreous body. 
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CHAPTER XXXIS. 

THE BOTINA. 

434. The retina (Fig. 157)con6istaof thefoUowing 
layers, counting from inwards towards the choroid mem- 
brajie: — (1) The 
membranalimitans 
interna, which is 
next to the mem- 
, hrana hyaloidea o£ 

, the vitreous body ; 
(2) the nerve-fibre 
layer; (3) the layer 
of ganglion cells; 
(4) the inner gran- 
ular or inner mole- 
cular layer; (6) the 
layer of inner 
nuclei ; (6) the 
outer granular, or 
outer molecular, or 
intemuclear layer ; 
Fig. I57-Fr™ • .'^"«™^?''°^ (7) the layer of 

aiiougli thfl Eve of Sneepi PenplierBJ V ' , ■'. ,_, 

Portion o( Betiiifc outer nuclei , (0) 

■■ 1?= 'A"! ^ SJ^'iiSfiJSS?* ' ■ 'ilhS S}^ the membrana 

choroidal ^plffmeQtMnwnellft: ■, d.inelftre™ ,. .. , 

oi ''",'''?™*.,'^'^H%"'^E^™^,f'"rt^ limitans externa ; 
c^" *,ii^wcr'(rf™KrTinci«.^tHi*™i|r (9) the layer of 
"°tte"iMe?'m'I.ULi« V«^\ jHjT^ rods and conea ; 

Ur^belween; «. tieUynof iiB^llb™. and (10) the pig- 

' mented epithehum 

of the retina, or the tapetnm nigrum mentioned above, 
which forme, at the same time, the inner lining epitho' 
Uum of the choroid membrane. 
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435. From this arrangement is except«d^(tt) tlie 
papilla neryi optici, (6) tke macula lutea and fovea 
centiulis retinie, and (c) the ora serrata of the retina. 

(o) The papilla nervi optici, or the bliijd spot of 



Pig. IS8.— Diagram of the Kbt- Tig. 1S9.— DiSKrajn olUia CoBnectiTe 
Toiu Elanenta of ths Betino. Tinne Babnanoe of Uie same. 

1. Rene-flbiH; 9, gingllon ceUi; t, tuwr mnlecnlu laf^r; 1, laaer nucleu- 
UmluluHeitenit; g, IbemdaudiHHid. (MuSoliuliu.J ' 

the retina, represents the entrance of the optic nerve- 
fibres into the retina; thence, as from a centre, 
they spread out in a radiating direction into the 
Baucer-shaped retina, of which they form the internal 
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laver. No other elements of the retina are present at 
the papilla, except a continuation of the limitans 
interna. At the papilla nervi optici the arteria and 
vena centralis nervi optici also enter, and spread 
out with their branches in the inner layers of the 
retina. A large lymph space is also found there. 

(6) The macula lutea and fovea centralis will be 
considei'ed after the various layers of the retina have 
been described. 

(c) At the ora serrata all cellular and nuclear 
elements of the retina- — except the pigmented epithe- 
lium — and the nerve-fibres, come to an end ; but the 
limitans interna, with its peculiar radial or Muller's 
fibres, is continued over the ciliary processes in the 
shape of columnar epitheloid nucleated cells men- 
tioned above : this is the pars ciliaris retinsB. 

436. Strticture of the layers of the retina (Figs. 
158, 159). 

(1) The membrana limitans interna is 
composed of more or less polygonal areas, which are 
the ends or bases of pyramidal, finely-striated fibres 
— the radial Jibres o/MiUler. Each radial fibre passes 
from the limitans interna in a vertical direction 
through all layers to the limitans externa, and on its 
way gives off numerous lateral brahchlets, fibrils, and 
membranes, which anastomose with one another so as 
to form a honeycombed stroma or matrix for all 
cellular and nuclear elements of the retinal layers. 
In the nerve-fibre layer the radial fibres ar« thickest, 
this being, in fact, the pyramidal basis ; in the mner 
nuclear layer each possesses an oval nucleus. 

437. (2) The layer of nerve- fibres.— The 
optic nerve-fibres at their entrance into the eyeball 
lose their medullary sheath, and only the transpai'ent 
axis cylinder is prolonged into the retina. In man, 
medullated nerve-fibres in the retina are very excep- 
tional ; in the rabbit there are two bundles, whose 
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fibres retain their mediillary sheath in the retina 
(Bowman), The nerve-fibres remain gi'ouped in 
bundles in the retina, and even form plexuses. For 
obvious reasons, the number of nerve-fibres in the 
nerve-fibre layer diminishes towards the ora serrata. 

438. (3) Tbe layer of g^aoglion cells. — ^There 
is one stratum of these cells only, except in the 
macula lutea, where they form several strata. Each 
cell is multipolar, and possessed of a large nucleus. 
One process is directed inwards and becomes con- 
nected with a fibre of the nerve-fibre layer. Several 
processes pass from the opposite side of the cell, and 
enter the next outer layer, i.e., the inner molecular 
layer. 

According to Max Schultze and others, they break 
up there into a reticulum of fibrils which is part of 
this molecular layer ; but according to Retzius, Mans, 
and Schwalbe, they simply pass through the inner 
molecular layer. 

The ganglion cells are separated from one another 
by the radial fibres of Muller. 

439. (4) The inner molecular layer is a 
fine and dense reticiUum of fibrils, with a small 
amount of granular matter between. The fibrils are 
connected with lateral branchlets of the radial fibres 
of Muller. This layer is, on account of its thickness, 
a conspicuous part of the retina. In lower vertebrates 
it appears stratified. 

440. (5) Tbe inner nuclear layer contains in 
a honeycombed matrix of a hyaline stroma numerous 
nuclei, in two, three, or four layers. In the am- 
phibian retina these form a larger number of layers. 
Some oblong nuclei of this layer belong, as has been 
mentioned above, to the radial fibres of Muller. 
Next to the molecular layer are small nuclei belonging 
to flattened branched cells (Vintschgau). But the 
great majority of the nuclei of this layer are slightly 



312 Elements of Histology* cchap.xxxix* 

oval, with a reticulum in their interior. Each belongs 
to a spindle-shaped cell, with a small amount of proto- 
plasm around the nucleus ; it is, in fact, a bipolar gang- 
lion cell (Max Schultze), of which one process (the 
inner) passes as a fine varicose fibre into and through 
the inner molecular layer, to become connected with 
the outer processes of the ganglion cells (Betzius, 
Schwalbe), while the other or outer process passes into 
and through the next outer layer of the .retina. 

(6) Tbe outer molecular layer is of exactly 
the same structure as the inner molecular layer — i.0., 
a fine reticulum of fibrils — ^but is considerably thinner 
than the latter. 

441. (7) The outer nuclear layer contains, in 
a honeycombed matrix, a large number of oval nucleL 
In the retina of man and mammals these nuclei are 
always present in considerably greater numbers or 
layers than those of the inner nuclear layer, but in 
the amphibian animals the reverse is the case. They 
are smaller than the nuclei of the inner nuclear layer, 
and show often a peculiar transversely-ribbed differ- 
entiation of their contents (Henle, Xrause). The 
honeycombed matrix of this layer is in connection 
with lateral branch] ets of the radial fibres of Miiller, 
with which it forms a sort of limiting delicate mem- 
brana propria at the outer surface of the layer; 
this is 

442. (8) Tbe Umitans externa. — ^The nuclei of 
the outer nuclear layer next to this limitans externa are 
connected, in the retina of man and mammals, with 
the cones, while the nuclei farther inwards from the 
limitans externa are connected with the rods. In 
both instances the connection is established through 
holes in the limitans externa. Each nucleus of 
the outer nuclear layer is, in reality, that of a 
spindle-shaped cell with a minute amount of proto- 
plasm j this is prolonged outwards, as the outer part 
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of the rod- or cone-fibre, to become connected with a 
rod or cone respectively, while inwards it passes into 
a longer, more conspicuous fibre, the inner part of the 
rod- or cone-fibre. This branches, and penetrating 
into the outer molecular layer, is lost with its 
branchlets among the fibrils of this layer. 

443. (9) Tbe rods and cones. — Each rod is 
of cylindrical shape, with rounded or conical outer 
extremity ; it^ consists of an outer and inner member, 
joined by linear cement. Its substance is bright and 
glistening, and that of the outer member is composed 
of the neurokeratin of Kuhne and Ewald. In 
the &esh state the outer member shows a more or 
less fine and longitudinal striation, due to longitudinal 
fine ridges and furrows (Hensen, Max Schultze). 
After certain reagents, such as serum, liquor potassse, 
the outer rod-member disintegrates into numerous 
transverse, thin, homogeneous-looking discs (Hannover). 
The inner member in the human rods is slightly 
broader than the outer ; it is pale or finely and longi- 
tudinally striated, and contains in many instances a 
peculiar lenticular structure ; in the human and 
mammalian retina this is absent, but in its stead is a 
mass of longitudinal fibrils (Max Schultze). The 
inner member passes through a hole in the limitans 
externa, and becoming thinner, represents the outer 
part of the rod-fibre. 

444. Each c<yna is composed of an outer, short, 
pointed, conical member, and an inner larger member 
with convex surface: this is the hody of the cone. 
The outer member of the cone separates under certain 
conditions also into thin transverse discs. The body 
of the cone is longitudiually and finely striated. 
The outer extremity of the body of the cones in 
many birds, reptiles, and amphibia contains a spheri- 
cal corpuscle of red, orange, yellow, green, or even 
blue colouration. 
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The ctmea are aharter than the rcxls, the pointed 
end of the former not reaching 
much farther than the junctioD 
between the eater and inner 
members of the rods. 

In the macula lutea and 
fovea centralis of man and 
moet mammals there are pre- 
sent cones only, and towards 
the peripheral portion of the 
retina they gradually de- 
crease in numbers; in the 
peripheral part there are only 
rods. But in birds the cones 
exceed the rods everywhere. 

In the bat and mole the 
macnla lutea possesses no 
cones, and in tfie owl, rat, 
mouse, guinea-pig, and rabbit, 
they are few and small 

445. The enter members 
of the rods (only) contain in 
the fresh and liriiig state a 
peculiar diffuse purplish colour 
(Leydig, Boll, Kiihne) : this 
is the visual purple or Rhod- 
opsin of Kiihne. When 
exposed to sunlight it 

..The p!gn.«it«i epitteiimu a^d yellow, and finally 

^rSS- 'S.".1w wi^'™- disappears altogether — be- 

*SJ.'it%.?1fc£?riS' «>«'e8 bleached. There is 

■ wi1"«m^'^ itottmii'oi' 10 visual purple in the rods 

S?po\n'5!iieeS»T"llS'M-i' "f Rhinolophus hipposideroB, 

SSi™£l°««|<Vtenn3ei fowl and pigeon; in those 

SjrJlBSS??™e"ll;ni;i'ciij retina in which the cones 

K™ uo weii'fiiowii'! (.wim'' contain coloured globules {see 
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abore) the sanoandiiig rods are waQting in tiie yisual 
purple. 

The visual purple stands in an intimate relation to 
the pigmented ^ithelium of the retina^ since a 
retina r^ains its yisnal purple after bleaching, when 
replaced on the pigmented epithelium (Kiihne). This 
holds good, of course, only within certain limits. 

446. (10) The pigmeiatedl epitlieliiiiii (Fig. 
160), or tapetum nigrum, is composed of polygonal pro- 
toplasmic ceUs, which, when viewed from the surface, 
appear as a mosaic, in which they are separated from 
one another by a thin layer of cement substance. Each 
cell shows an outer non-pigmented part, containing tlie 
slightly-ilattened oval nucleus, and an inner part next to 
the rods and cones, which is full of pigmented crystalline 
rods (Frisch). Tliis part is prolonged into numerous 
fine fibrils, each contaiuing a row of the pigmented 
particles, and these fibnls pass between the outer 
members of the rods, to which they closely adhere, and 
which in reality become almost entirely ensheathed 
in them (M. Schultze). Each cell supplies a number 
of rods with these fibrils. Sunlight causes a protru- 
sion of these fibrils from the ceU body, whereas in 
the dark they are retracted (Kiihne), in a manner 
similar to wh^t takes pla«e in^ pigment connective 
tissue cells. (See par. 43.) The tint of this pigment 
is darker in dark than in light eyes. It is bleached 
by the light in the presence of oxygen (KUhne), but 
it persists in the absence of oxygen (Mays), 

447. The macula lutea (Fig. 161) of man and 
ape contains a diffuse yellow pigment, between the ele- 
ments of the retina (M. Schultze). In man and most 
mammals, as mentioned above, there are hardly any 
rods here, but cones only ; these are longer than in 
other parts, and in the fovea centralis they are 
longest, and, at the same time, very thin. Since 
there are few rods here, the nuclei of the outer nuclear 
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layer are limited to a very few layers (generally about 

two) next to the membrana limitana externa. For 
this reason, the rest of the outer nuclear layer is 
occupied by the cone-fibres only, which in the fovea 
centralis pass in a elonting, or almost horizontal, 
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direction sideways into the outer molecnlar layer. 
The ganglion cells form several strata in the macula 
lutea. In the fovea centralis are present the cones 
(very long and thin), the llmitans externa, the few 
nuclei representing the outer nuclear layer, a thin 
continuation of the inner molecular layer, and the 
limitans interna. 

448, In the embryo, the primary optic vesicle 
becomes invaginated so as to form the optic cup, 
which consiBts of two layers — an outer, giving origin 
to the pigmented epithelium ; and an inner, the retina 
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proper. In this the rods and cones, with their fibres 
and the nuclei of the outer nuclear layer, corre- 
spond to columnar epithelial cells (the sensory epithe- 
lium)y while all the other layers — i.e.j the outer mole- 
cular, inner nuclear, inner molecular layer, ganglion 
cells, nerve-fibres, and limitans interna — represent 
Briicke's tunica nervea or Henle's stratum nerveum. 

449. The blood-vessels of the retina. The 
branches of the arteria and vena centralis of the optic 
nerve can be traced into the retina in the layer of 
nerve-fibres and ganglion-cells, while the capUlaries 
connecting the arteries with the veins extend through 
the layers up to the outer molecular layer. 

The lympliatics of the retina exist as perivascular 
Ijnnphatics of the retinal veins and . capillaries (His). 
Lymph channels are present in the nerve-fibre layer. 

450. The lamina eilbrosa is the part of the 
aclerotic and choroid membrane through which the optic 
nerve-fibres have to pass in order to reach the papilla 
nervi optidL In the optic nerve the fibres are grouped 
in larger or smaller groups — ^not bundles, in the sense 
of those present in other nerves and surrounded by 
perineurium (see a former chapter) — ^but surrounded 
by septa of connective tissue, and these groups pass 
through corresponding holes of the sclerotic and choroid. 

451. The optic nerve possesses three sheaths, 
composed of fibrous connective tissue — (a) an outer, 
or the dural ; (b) a middle, or arachnoidal ; and (c) an 
inner, or pial, sheath — which are continuations of the 
respective membranes of the brain. The pial sheath 
is, in reality, the perineurium, the whole optic nerve 
being comparable to a compound nerve-bundle as de- 
scribed in a former chapter. The dural sheath of the 
optic nerve, at its entrance into the lamina cribrosa, 
passes into the outer strata of the sclerotic, while the 
arachnoidal and pial sheaths pass into the inner strata 
of the sclerotic. Outside the dural sheath is a lymph 
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space — ^the supravaginal space ; and also between these 
various sheaths are lymph spaces — ^the subdural or 
subvaginal space of Schwalbe, and the subarachnoidal 
spa<;e. The supravaginal and subvaginal spaces anas- 
tomose with one another (Michel). 

452. Around the sclerotic is a lymph space limited 
by a fibrous membrane — ^the Terumian capmle : the 
space is called the Tenonian apace. The supravaginal 
space anastomoses with this Tenonian space, and into 
it pass also the lymph clefts in the suprachoroidal 
tissue (Schwalbe), by means of the lymph canalicular 
system of the sclerotic (Waldeyer). The supracho- 
roidal lymph spaces communicate also with the sub- 
arachnoidal space of the optic nerve. 



CHAPTER XL. 

THE OUTER AND MIDDLE EAR. 

453. The meatus auditorius extemus is lined with 
a delicate skin, in structure identical with, but thinner 
than, the skin of other parts. The ceruminous 
glands have been mentioned and described before. 
The cartilage of the auricula and its continuation into 
the meatus auditorius extemus is elastic cartilage. 

454. The membrana tympani separating the 
outer from the middle ear has for its matrix a firm 
stratum of stiff trabeculsB of fibrous connective tissue, 
with numerous elastic fibrils and elastic membranes. 
This is the middle and chief stratum of the membrane : 
outwards it is covered with a delicate continuation of 
the skin of the meatus auditorius extemus, and inwards 
with a continuation of the delicate mucous membrane 
lining the cavum tympanL In the middle stratum of 
the membrana tympani the trabeculse radiate more or 
less from the junction of the manubrium mallei with 
the membrane ; but towards the periphery many are 
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also arranged in a circular direction. The former 
belong to the outer, the latter to the inner, portion of 
the middle stratum. 

The mucous membrane lining the tympanic surface 
of the membrane is delicate connective tissue, covered 
with a single layer of polyhedral epithelial cells. 

The blood-vessels form capillary networks for all 
three layers — i.e., a special network for the skin 
layer, a second for the middle stratum, and a third one 
for the mucous layer ; the lymphatics are also arranged 
in this way. An intercommunicating system of lym- 
phatic sinuses and clefts (Kessel) is left between the 
trabeculse. The non-medullated nerve-fibres form 
plexujses for the skin and mucous layer ; from these 
pass off fine fibrils, which form a sub-epithelial net- 
work, and from this the fibrils pass into the epithelium. 

455. The tuba Gustachli is lined with a 
mucous membrane, which is a continuation of that 
lining the upper part of the pharynx, and therefore, 
like it^ is covered on its inner or free surface with 
columnar ciliated epithelium. As in the pharynx, so 
also here, we find a good deal of adenoid tissue in the 
mucous membrane. 

The cartilage of the tuba Eustachii in the adult ap- 
proaches in structure the elastic cartilages of other parts. 

456. The cavmu tympanl, including the cellulsB 
mastoidese and the surface of the ossicula auditus, is 
lined with a delicate connective tissue membrane. Its 
free surface is covered with a single layer of poly- 
hedral epithelial cells in the following regions : on 
the promontory of the inner wall of the cavity, on the 
ossicula auditus, on the roof of the cavity, and in the 
cellulse mastoidese; in all other parts it is columnar cili- 
ated epithelium, like that lining the tuba Eustachii. 

457. The three ossicula auditus are osseous 
substance covered with periosteum, which is covered 
with the delicate mucosa just described. The liga- 
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ments of the bones are, like other ligaments, made up 
of straight and parallel bundles of fibrous connective 
tissue. The articulation surface of the head of the 
malleus, of the incus, of the extremity of the long 
process of the incus, and of the stapes, are covered 
with hyaline (articular) cartilage. 



CHAPTER XLL 

THE INTERNAL EAR. 

458. The osseous labyrinth consists of the vesti- 
bule, prolonged on one side into the cochlea, and on 
the other into the three semicircular canals, each of 
which possesses an ampulla at one extremity. The 
vestibule shows two divisions — ^the fovea hemispherica 
next to the cochlea, and the fovea hemielliptica next 
to the semicircular canals. The cochlea consists of 
two and half turnings twisted round a bony axis— the 
modiolus. From this a bony lamina extends towards 
the outer wall for each turn, but does not reach it : 
this is the lamina spiralis ossea. It extends through 
all turns, and it subdivides the cavity of each turn 
into an upper passage, or scala vestibuH, and a lower, 
or scala tympani. At the top of the cochlea the two 
scalse pass into one another by the helicotrema. The 
scala vestibuli opens into the fovea hemispherica, 
while the scala tympani at its commencement — t.e., 
at the proximal end of the first turn — ^would be in 
communication, by the fenestra rotunda, with the 
cavum tympani, were it not that this fenestra rotunda 
is closed by a membrane — ^the secondary membrane. 

459. The semicircular canals start from, and return 
to, the fovea hemielliptica of the vestibule. 

The fenestra ovalis leads from the cavum tympani 
into the vestibule — its hemispheric division ; and this 
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fenestra ovalis is, in the fresh condition, filled out by a 
membrane, in which the basis of the stapes is fixed, 
the circumference of this being nearly as great as that 
of the fenestra. 

460. The osseous labyrinth in all parts consists of 
ordinary osseous substance, with the usual periosteum 
lining its outer surface and its inner cavitieil These 
cavities contain the albuminous fluid called perilymph. 
But they are not filled out by this, since, in each of 
the two divisions of the vestibule, in each of the 
semicircular canals, and in the cochlea, is a mem- 
branous structure, analogous in shape to the corre- 
spending division of thekbyrinth. These membranous 
structures possess a cavity filled with the same albu- 
minous :fiuid as above, called the endolymph. These 
structures are disposed thus— in the fovea hemispherica 
is a spherical sac, called the saccule; in the fovea 
hemielliptica is an elliptical sac, the utricle; in each of 
the three semicircular canals is a membranous semi- 
circular tubO) which possesses also an alnpulla corre- 
sponding to the ampulla of the bony canal, 

461. In the cochlea is a membranous canal, tri- 
angular in cross-section — the scala media or cochlear 
duct — ^which also twists two and half times from the 
basis to the apex of the cochlea^ and is placed against 
the end of the lamina spiralis ossea so as to occupy a 
position between the peripheral part of the scala vesti- 
buli and scala tympani. 

462« The different divisions of the membranous 
labyrinth ar& connected with one another in this 
manner i the three semicircular (membranous) catxals 
open into the utricle ; this does not form a direct con- 
tinuity with thfe saccule, but a narrow canal comes off 
both from the saccule and utricle; the two canals 
join into one minute membranous tube situated in the 
aqueductus vestibuli. At its distal end i^t enlarges 
into the saccus endolymphaticus, situated in a cleft of 
T— 1 
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the dura mater, covering the posterior surface of the 
petrous bone. The saccule is in communication with 
the cochlear canal or scala media, by a short narrow 
cube — the canalis reuniens of Keichert. Thus the 
cavity of the whole membranous labyrinth is in 
direct communication throughout aU divisions, and it 
represents the inner lymphatic space of the labyrinth. 
There is no communication between the perilymph 
and endolymph, and the cavity of the membranous 
labyrinth stands in no direct relation to the cavum 
tympani, since the fenestra ovalis and fenestra rotunda 
both separate the perilymphatic space, or the cavity 
of the bony labyrinth, from the cavum tympani. The 
vibrations of the membrana tympani, transferred by 
the ossicula auditus to the fenestra ovalis, directly 
affect, therefore, only the perilymph. The fluctuations 
of this pass from the vestibule, on the one side, 
towards and into the perilymph of the semicircular 
canals ; and on the other side, through the scala 
vestibuli^ to the top of the cochlea, then by the heli- 
cotrema into the scala tympani, and find their conclu- 
sion on the membrana secundaria closing the fenestra 
rotunda. On their way they affect, of course, the 
membrane of Reissner (see below) separating the scala 
media from the scala vestibuli ; and the vibrations of 
this membrane naturally affect the endolymph of the 
scala media and the terminations of the auditory 
nerve-fibres (see below). 

463. Structure of semicircular canals, 
utricle and saccule.— The membranous semi- 
circular canals are fixed by stiff bands of fibrous 
tissue to the inner periosteum of the one (convex) 
side of the osseous canal, so that towards the concave 
side there is left the space for the perilymph. A 
similar condition obtains with regard to the saccule 
and utrtdey which are fixed by the inner periosteum 
to one side of the bony part 
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The structure of tlie wall is the same in the semi- 
circular canals, utricle and saccule. The above-men- 
tioaed fibrous ligaments of the periosteum form an 
outer coat ; inside this is a glassy looking t/umca 
propria. At one side (the one away from lie bone) 
this tunica propria forma numerous papillary projec- 
tions. The internal 
surface of the mem- 
brane is covei-ed with & 
single layer of poly- 
hedral epithelial cells. 

464. Each of the 
branches of the nervus 
vestibuli — i.e., one for 
the saccule, one for the 
utricle, and three for 
the lliree ampullse — ■ 
possesses a ganglionic 
swelling. The nerve- 
branch, having passed 
through the membra- 
uous wall, enters 
special thickenings of 
the tunica propria, on j,;^ iea.-F™miiT««Bv™,Be6tf«. 

that part of the mem- Ifaronsli tlwUtunlBAcnsticaol tbe 

btanoUs wall next to "^^^'I'sL.bjrinn.of^aBto*. 

the bone; in the sac- i. MeaiinufdiierTFflbm,ti>finfiis piei- 

cule and utricle the (bS'tni»^°ep1'thliiiiiiu^^iiu^^c)^ 

thickeninc is called long'^uafurT'ELrl^T^ntEi/tMcmn 

1 ■ ' .1 tiie contcKl eDitbeUj oeUa bcroDd tha 

maeula a&ustiea, m the tnt nirfsH. uiiu.) 
ampullae crista acuetica 

(Fig. 162) (M. Schultze). This thickening is a large 
■villous or fold-like projection of the tunica propria, 
into which pass the nerve-fibreB of the several 
branches. These fibres are all medullated nerve- 
fibres, and, ascending towards the internal of 
free surface of that projection, form a plexus. In 
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this plexus are interspersed numerous nuclei From 
the medullated fibres pass off minute bundles of 
primitiTe fibrillse, which enter the epithelium that 
covers the free surface of the projection. 

465. This epithelium is composed of a layer of 
t^olnmnar or conical cells, between which are wedged 
in spindle-shaped cells; both kinds possess an oval 
nucleus. According to Max Schultce and others, each 
of the spindle-shaped cells is connected by its inner 
process with the nerve-fibiillae coming from under- 
neath ; whereas, towards and beyond the free surface, 
its outer process is prolonged into a long, thin, stiff, 
auditory hair. Max Schultze, therefore, calls the 
columnar cells epithelial; the spindlenshaped ones, 
seTisory. 

Betzius, on the other hand, maintains tdiat, in the 
case of fishes at any rate, the ^ithelial cells are those 
which are connected each with a bundle of nerve- 
fibrillse, and that each sends out over the internal free 
Surface a bundle of fine stiff hairs — the auditory hairs. 
The spindle-shaped cells of Max Schultze, according 
to this theory, are only supporting cells. The free 
surface of the epitheHum is covered with a homo- 
geneous cuticle, perforated by holes which correspond 
to the epithelial cells and the auditory hairs* 

On the internal surface of the macula and crista 
acustica are foimd the otoliths^ rhombic crystals, and 
amorphous masses, chiefly of carbonate of lime, em- 
bedded in a gelatinous or granular-looking basis. 

466. The cochlea (Fig. 1C3), as has been men- 
tioned above, consists also of a bony shell and a 
membranous canal, the former surrounding the latter 
in the same way as the bony semicircular canal does 
the membranous — i.e., the latter is fixed to the outer 
or convex side of the former. The difference between 
the cochlea and the semicircular canals is this, that in 
the cochlea there is a division of the perilymphatic 
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space by an osseous projection — ^the lamina spiralis 
ossea — and by the scala media into two scalse, viz., the 
(upper) scala vestibuli, and the (lower) scala lympani. 

467. In the osseous modiolus are numerous paral- 
lel canals for bundles or groups of the fibres of the 
cochlear branch of the auditory nervq ; these canals 
open into the porus intemus, in which Ues a large 
ganglion connected with the nerve. 

The nerve bundles situated in the canals of the 
modiolus, corresponding to the lamina spiralis ossea, 
are connected with gangUonic masses-composed of 
bipolar ganglion cells — called the ganglion spirale of 
OortL From this ganglionic mass the nerve-fibres (all 
medullated) can be traced into the lamina spiralis 
ossea, in which they form rich plexuses extending to 
the margin of this lamina — t.^., to the membrana 
basllaris of the scala media (see below). 

468. From the margin of the lamina spiralis ossea 
to the external bony shell extends the membrana basi- 
laris (Fig. 163), forming the lower and chief waU of 
the scala media, while the upper wall of the canal is 
formed by the membrane of Reissner, extending 
under an acute angle from near the margin of the 
lamina spiralis ossea to the outer bony shell. 

On a transverse section through the scaJa media 
we see the following structures : — 

469. (1) Its ottterirall is placed close against 
the periosteam lining the internal surface of the bony 
shell ; it consists of lamellar fibrous tissue, with 
numerous stiff elastic bands, and is the vestibular 
part of a peculiar ligament — ^the ligamentum spirale 
(Kelliker) — semi-lunar in cross section, and with its 
middle angular projection fixed to the outer end of 
the membrana basilaris. 

470. (2) Its inner wall is Represented by an 
exceedingly delicate membrane — the membrane of 
Jieissner ; this is also its upper wall, extending under 
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an acute angle from the upper outer angle of the scala 
media to the lamina spiralis ossea. But there it is not 
fixed on the osseous substance, but on a peculiar pro- 
jection on this latter — the crista 8'piralis {¥\g, 163, m), 
which is a sort of tissue intermediate between fibrous 
and osseous tissue, and added to the vestibular surface 
of the lamina spiralis ossea. This crista spiralis has 
on its inner surface— i.e., that directed towards the 
scala media — a deep sulcus, called the sulcus spiralis, or 
sulcus spiralis intemus ; so that of the crista spiralis 
there are two labia to be distinguished — the labium 
vestibulare and the labium tympanicum; the former 
being the upper, the latter the lower, boundary of the 
sulcus spiralis. 

471. (3) Between the labium tympanicum of the 
crista spiralis and the above-mentioned projection 
of the ligamentum spirale extends, in a straight 
direction, the membrana basilarisy forming the lower 
wall of the scala media* The scaJa media is lined on 
its whole internal surface with epithelium, this only 
being derived from the epithelium forming the wall of 
the auditory vesicle of the embryo, peculiarly modified 
in certain places. The scala tympani and scala vesti- 
buli are likewise lined with a continuous layer of 
flattened cells — an endothelium, which only on the 
lower (tympanic) surface of the membrana basilaris 
is somewhat modified, being composed of granular 
looking irregular cells. 

472. As regards the scala media, the epithelium 
lining its internal surface is of the folUowing aspect : 
Starting with the lower outer angle — i.e., where the 
membrana basilaris is fixed to the ligamentum 
pirale — ^we find it a single layer of polyhedral or 
short columnar transparent cells, lining this outer 
angle — the cells of Claudiits ; ascending on the ligar 
mentum spirale, the cells become shorter, more squa- 
mous; such are found over a slight projection on 
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the outer wall — i.c., the ligamentum spirale accesso- 
rium — caused by a small blood-vessel, the vas pro- 
minen& 

473. Then we come to the stria Taseularis, 

lining nearly the upper two-thirds of the outer 
wall of the scala media. It consists of a layer of 
columnar pud spindle-shaped epithelial cells, between 
which extend capillary blood-vessels from the ligamen- 
tum spirale, and in some animals (guinea-pig) clumps 
of pigment granules are found between them. 

474. Then we pass from the upper angle of the scala 
on to the membrane of Reissner. This consists of a 
homogeneous thin membrana propria, covered on its 
outer vestibular surface with a layer of flattened 
endothelium, and on its inner surface — i.e., that facing 
the scala media — with a layer of less flattened, smaller, 
polyhedral, epithelial cells. 

475. We come next to the vestibular labium of 
the crista spiralis, on which peculiar cylindrical 
horizontal projections anastomose with one another : 
these are the auditory teeth (Huschke). The epi- 
thelium of Reissner's membrane is continued as small 
polyhedral cells into the grooves and pits between the 
auditory teeth, but over the teeth as large, flattened, 
squamous cells, which pass on, lining the sulcus 
spiralis, and, as such, cover also the tympanic labium 
of the crista spiralis. Now we arrive at the mem- 
brana basilaris, on which the epithelium becomes 
modified into the organ of Gorti, 

476. The membrana 1»asilarls consists of a 
hyaline basement membrane, on which the organ of 
Corti is fixed ; underneath .this is the tunica propria^ 
a continuation of the tissue of the ligamentum spirale, 
composed of fine parallel stiff fibrils (Hannover, 
Henle) stretched in a very regular and beautiful 
manner in the direction from the ligamentum spirale 
to the crista spiralis (Nuel). On the tympanic side 
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there is also a hyaline basement membrane. The 
endothelial cells covering this on the tympanic surfece 
have been mentioned abova 

477. The organ of Cortl (Fig. 164).— Passing 
outwards from the epithelium lining the sulcus spiralis, 
we meet with small polyhedral epithelial cells in the 
region of the termination of the lamina spiralis ossea, 
next which are columnar-looking ceila^the itiiMer 
aupjiorting cells; next to these is the inner /lair-cell — 



. Fig. 161— Orgu of Gnrti of the Cochlea of i Giiln«B-plg. 
■.OntfrrodorjiWH- of Cortl; i. Inner rod or tp|ll»r of CoHl i e, tumelor OOHI't 
Ing lit globulo;!,, inner supportiiiB cells'; *, cells of Cluiillut ! i CIi]ll|ellll! 

a columnar, or conical, epithelial cell, with a bundle 
of stiff hairs, or rods, extending beyond the surface. 
The inner hair-cells form a single file along the whole 
extent of the two and a half turns of the scala media. 
478. Next to the inner hair-cell is the mn^ rod, or 
inner pillar, o/Corti, and next to this the ovter rod, 
or auler pillar, of CortL Each forms a single file for 
the whole extent of the two and a half turns of the 
scala media. The two rods are inclined towards one 
another, and in contact with their upper extremity, or 
head; whereas their opposite extremity, the Jbot, 
rests under an acute angle on the membrana baailaris, 
on which it is firmly fixed. The rest of the rod ia a 
slender, more or less cylindrical, piece — the bodi/. The 
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outer rod is largjer and longer than the inner, the 
latter being slightly bent in the middle. Owing to 
the position of the rods, the two files form an arch — 
the arch of Carti, Between it and the corresponding 
part of the basilar membrane is a space — the tunnel of 
the arch, triangular in cross section. 

479. The substance of the rods, or pillars, of Oorti 
is bright, highly refractive, and slightly and longitu- 
dinally striated. 

The head of the inner rod is triangular, a short 
process extending inwards towards the inner hair-cell, 
a long process extending outwards over the head of 
the outer pillar. Outwards, the triangular head pos- 
sesses a concave surface grasping the convex surface of 
the head of the outer rod. This latter possesses a 
process directed outwards, and firmly applied to the 
outer process of the head of the inner rod, the two 
together forming part of the membrana reticularis (see 
below). 

The relation between the outer and inner rods is 
such that the head of one outer rod fits into those of 
about two inner rods. 

480. At the foot, each rod has, on the side directed 
towards the tunnel, a granular, nucleated, lump of 
protoplasm, probably the remnant of the epithelial 
cell from which the lower half of the rod is derived ; 
the upper part sometimes possesses a similar remnant, 
proving that this also has been formed by an epithelial 
cell, so that each rod is in reality derived from two 
epithelial cells (Waldeyer). 

481. Next follow three or four rows of outer hair- 
cells, similar in size and structure to the inner hair- 
cells. Each of the outer hair-cells represents a file 
of hair-cells, extending on the membrana basilaris 
along the whole extent — i.e., two and a-half turns — 
of the scala media. Each hair-cell possesses an oval 
nucleus and a number of stiff rods, or hairs, disposed 
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in the shape of a horseshoe in the outer part of the 
free siirface of the cell. 

Four, and even five, rows of hair-cells (Waldeyer), 
arranged in an alternating manner, are found in 
man. 

The outer hair-cells are also called the cells of 
Corti ; they are conical, and more or less firmly con- 
nected with a nucleated spindle-shaped cell — the cell 
of Deiters. The two cells are more or less fused 
together in their middle part (Nuel). The cell of 
Corti is fixed by a branched process to the membrana 
basilaris, while the cell of Deiters sends a process 
towards the surface, where it joins the membrana 
reticularis (see below). 

482. Farther outwards from the laat row of outer 
hair-cells are columnar epithelial cells, called the ot^er 
aupportmg cells of Hensen ; they form the transition 
to the epithelium lining the outer angle of the scala 
media, Le., to the cells of Claudius. 

In the guinea-pig, the outer supporting cells in- 
clude fat globules. 

483. The mednllated nerve-fibres, which we 
traced in a former page to the margin of the lamina 
spiralis ossea, make rich plexuses in this, and pass 
through holes in it, in order to reach the organ of 
Corti on the membrana basilaris. Looking from the 
surface on this part, we notice a row of holes — ^the 
habenula perforata of Kblliker — a little to the inside 
of the region of the inner hair-cells. Numerous 
primitive fibrillse pass there among small nucleated 
cells situated underneath the inner hair-cells : these 
are the granular cells. Some of these nerve-fibrill» 
— the inner bundle of spiral nerve-fibres — become con- 
nected with the inner hair-cells; while others — ^the 
three outer bundles of spiral fibrils (Waldeyer) — pass, 
between the inner rods of Corti, right through the 
tunnel; and, further, penetrating between the outer 
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rods of Oorti, they reach the outer hair-cells, with 
which they become connected (Gk)ttstem, Waldeyer). 

484. In connection with the outer process of the 
head of the inner and outer rods of Gorti, mentioned , 
above, is an elastic hyaline membrane — the lanwna * 
or membrana reticularis. It extends outwards over 
the organ of Corti to the supporting cells of Hensen, 
and possesses holes for the tops of the outer hair-cells 
and their hairs. The parts between the rods of Corti 
and between the outer hair-cells appear of the shape of 
phalanges — ^phalanges of Deitera A short cuticular 
membrane extends from the head of the inner rod of 
Corti inwards to the inner supporting cells : it possesses 
holes for the tops of the inner hair-cells. 

485. From the vestibular labium of the crista 
spiralis to the outer hair-cells of the organ of Corti 
extends a peculiar fibrillated membrane— the m&mr 
brana tectoria. By means of it the sulcus spiralis 
internus is bridged over, and so converted into a 
canaL 

486. As we ascend towards the top of the cochlea, 
all parts in the scala media decrease gradually in size. 
The organ of Corti, being of an epithelial nature, 
possesses no blood-vessela From the anatomical 
relations of the organ of Corti, it appears most pro- 
bable that the pillars, or rods, of Corti act as the 
supporting tissue, or framework, around which the 
other elements are grouped ; and it seems likely 
that the hair-cells, with their rod-like hairs projecting 
freely into the endolymph, are the real sound-perceiving 
elements of the organ of Corti Their connection 
with the terminal Hbrillse of the nerves points in the 
same directioD. 
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CHAPTER XLII. 

THE NASAL MUCOUS MEMBRANE. 

487. The lower part of the nasal cavity is lined 
with a mucous membrane, which has no relation to 
the olfactory nerve, and therefore is not connected 
with the organ of smell. It is covered with a strati- 
fied, columnar, ciliated epithelium of exactly the same 
nature as that of the respiratory passages — e.^., the 
larynx and trachea. Large numbers of mucous secret- 
ing goblet-cells are met with in it Below the epi- 
thelium is a thick hyaline basement membrane, and 
underneath this is a mucosa of fibrous tissue, with 
numerous lymph corpuscles in it In many places this 
infiltration with lymph corpuscles amounts to diffuse 
adenoid tissue, of to perfect lymph follicles. 

488. The mucosa contains in its most superficial 
layer the network of capillaries, but in the rest it 
includes a rich and conspicuous plexus of venous 
vessels. 

In the deeper parts of thfe mucous membrane — 
i.e.i ill the submucosa — ^are embedded smaller and 
larger glands, the ducts of which pass through the 
mucosa, and open on the free surface. Some of the 
glands are mucous ; others are serous. In some cases 
(e.^i, guinea-pig) almost all glands are serous, and 
of exactly the satae nature as those of the back of 
the tongue. In some places the mucous membrane is 
much tibicker than in others, and then it contains 
larger glands, and between them bundles of non-striped 
muscular tissue. 

489. In the upper or olfactoiT re§rioli (Fig. 165) 
of the nasal cavity^ the mucous membrane is of a 
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different tint, being more of a brownish colour ; It 
contains the ramifications of the olfactory nerve, and 
la the seat of tbe organ of smell. 

490. The free surface is covered with a columnar 



Fig. leSi— From a Section tluougli (he Olbetoiy Regicm of the 

epithelium, composed of the following kinds of cells 
ti-ig. 166):- 

(o) A superficial layer of long columnar, or rather 
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conical, epilhelial eelU, each with an oval nucleus. In 
some places the free surface of these cells is covered 
with a bundle of cilia, similar to the superficial cells 



Fig. 1«8.— From & Vertical Seotton throogh the OlftBtory Uaoans 
Kembrmne of th« Qum«a-pig. 

IBowiii.ilwglaD'Ii. UlVl "'"" ""''"^'™'' ■• '■"•' 'I'*"' " "">" 

of the respiratory part of the nasal cavity ; in most 
places, however, the cilia are absent ; the former 
condition obtains in those places whicb are in close 
proximity to the respiratory region. 

(b) Between the epithelial cells extend spindle- 
shaped cells, each with a spherical, or veiy slightly 
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oval, nucleus — ^the sensory cells (Max Schultze). 
Each cell sends one broad process towards the free 
surface, over which it projects in the shape of a small 
bundle of shorter or longer rods; whereas a finQ 
varicose filament passes from the cell body towards 
the mucosa, and, as shown first by M. Schultze, be- 
comes connected with a fibrilla of the network of the 
olfactory nerve-fibres. 

(c) In some places thei*e is a deep layer of epUJie- 
lied cells, each with a spherical nucleus, of an inverted 
cone in shape, their pointed extremity passing be 
tween the other cells just mentioned and their broad 
basis resting on the bsisement membrane. Yon 
Bninn has shown that there is on the free surface of 
the epithelium a sort of cuticle — a delicate limitans 
externa. 

491. The mucous membrane is of loose texture, 
and contains a rich plexus of bundles of olfactory 
nerve-fibres, extending chiefly in a direction parallel 
to the surface. Each olfactory nerve-fibre is non- 
medullated, t.«., is an axis cylinder composed of minute 
or primitive fibrillae, and invested in a neurilemma with 
the nuclei of the nerve corpuscles. Near the siuf ace 
the fibres of the plexus are thin, and they split up 
into the constituent fibrils which form a network ; into 
this pass the fine varicose processes of the sensory 
cells above named. 

492. The blood-vessels supply with capillary net- 
works the superficial part of the mucous membrane 
and the numerous glands. These are the glands of 
Bowman, ' extending through the thickness of the 
mucous membrane. They are tubes, slightly branched, 
and gradually enlarging towards their distal end ; in 
some parts they are more or less straight. In struo- 
iture they are identical with serous glands, possessing 
a minute lumen, and being lined with a layer of 
columnar albuminous cells. The duct is a very fine 
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canal; it is that part of the gland that is situated 
in the epitheKum of the free surface ; it passes verti- 
cally tlm)ugh this, and consists of a fine limiting 
membrane, the continuation of the membrana propria 
of the gland-tube, and a layer of very flattened' epi- 
thelial cells. 

493. There is a definite relation between the 
size and number of the bundles of the olfactory nerve- 
fibres, the thickness of the olfactory epithelium, and 
the length of the gland-tubes. The size and number 
of the bundles of the nerve-fibres are determined 
by the thickness of the epithelium — i.e., by the 
number of the sensory cells ; the number and thick- 
ness of the. olfactory nerve bundles determine the 
thickness of the mucous membrane, and the thicker 
it is, the longer are the glands of Bowman. 

494. The organ of Jacobson is a minute 
tubular organ present in all mammals, and, as has 
been shown by Dursy and Kolliker, also in man. In 
mammals it is a bilateral tube, compressed from side 
to side, and situated in the anterior lower part of 
the nasal septum. Each tube is supported by a 
hyaline cartilage, in the shape of a more or less 
plough-shaped capsule — the cartilage of Jacobaon 
— and opens in front directly into the nasal furrow 
(guinea-pig, rabbit, rat, <&c.) ; or it leads into the canal 
of Stenson (dog), which passes through the canalis 
naso-palatinus, and opens immediately behind the 
incisor teeth on the palate. In all instances, how- 
ever, it terminates posteriorly with a blind ex- 
tremity. 

495. The cavity of the tube is lined with stratified 
columnar epithelium, which on the lateral wall is 
ciliated in the guinea-pig and dog, and non-ciliated in 
the rabbit. The median wall — i.e., the one next to 
the middle line — is lined with olfactory epithelium, 
identical with that of the olfactory region of the nasal 

w— 1 
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cavity. Branches of olfactory nerve-fibres also pass 
into the median wall, and behave in exactly the same 
manner as in the olfactory region. Numerous serous 
glands — ^belonging chiefly to the upper and lower 
wall — open into the cavity of the organ of Jacobson. 

In the lateral wall there is in many instances a 
plexus of veins, extending in a longitudinal direction, 
and between the vessels are bundles of non-striped 
muscular tissue, thus constituting a sort of cavernous 
tissu& 
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THE DUCTLESS GLANDS. 

496. I. The hypophysis cerebri. — The upper 
or smaller lobe belongs to the central nervous system. 
The lower or larger lobe is surrounded by a fibrous 
capsule, which sends numerous minute septa into the 
interior. These split up into numerous trabecul» of 
fibrous tissue, which, by dividing and re-uniting, form 
a dense plexus, with smaller and larger, spherical or ob- 
long, or even cylindrical spsices — the alveolii In these 
lie spherical or oblong masses of epithelial cells. These 
epithelial cells are columnar, pyramidal, or polyhedral, 
each with an oval or spherical nucleus. Between the 
epithelial cells of the same group are found here and 
there small branched or spindle-shaped cells,, with a 
small flattened nucleus. In some of the groups or 
alveoli of epithelial cells is a cavity, a sort of lumen, 
filled with a homogeneous gelatinous substance. 

The interalveolar connective tissue contains a 
network of capillaries. Between the alveoli and the 
interalveolar tissue there are lymph sinuses, like those 
around the alveoli of other glands — e.^., the salivary 
glands. 
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497. 11. The thyroid sland (Fig. 167}.— The 
' framework of this gland is in many respects similar 

to that of other glands, there being an outer fibrous 
capsule, thicker and thinner septa, and finally the fine 
trabeculsB forming the septa between the gland alveoli. 
These are ehted ve»U;lea of a spherical or oval shape, 
and of various sizes. Each vesicle is lined with a single 
layer of polyhedral or 
columnar epithelial cells, 
each with a spherical or 
oval nucleus. There is a 
cavity, which differs in size 
according to the size of the 
vesicle. It contains, and 
is more or less filled with, 
a homogeneous, viscid, albu- 
minous fluid — the so-called 
colloid. In this often oc- 
cur degenerating nucleated j,j^ ^gj _ Ytom a Section 

lymph - corpuscles and fliroi^ii the Thjroid Gland 

coloured blood - corpuscles ° ' „ ,, . „ ^ 

,_ , , "^ B, The eiillhellniii lining tbe ¥c»i- 

(Baber). rJeii Ml«-i»lloifl"wnwnt.^ 

498. The vesicles are ^ifrS^^g^BS'^'iis.'^ 
surrounded by networks of twcen tile giana ve>icie^ 
blood capillaries. In the 

connective tissue framework lie networks of Ijnn- 
phatics; between the framework and the surface of the 
vesicles are lymph sinuses lined with endothelium 
(Baher). The large and small lymphatics are often 
filled with the same colloid material as the vesicles, 
and it is probable that this colloid material is produced 
in the vesicles, and carried away by the lymphatica, 
to be finally discharged into the circulating blood. 

499. Its formation in the vesicles is probably due 
to an active secretion by the epithelial cells of the 
vesicles, and to a mixture with it, or maceration by 
it] of the efiiised blood mentioned above. In some 
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iiutanoes Baber found the amount of blood eSiiaed 
into the cavity of 
the vesicles very 
conaidemble, and 
hence it is justifi* 
able to assume that 
the destruction of 
red blood-corpus- 
cles forms one of 
the functions of tlie 
thyroid gland. 

500. IIL The 
suprarenal 
bodies {Fig. 168). 
— The suprarenal 
body is enveloped 
in a fibrous cap- 
sule ; in connection 
■with this are septa 
and trabecule pass- 
ing inwards, and 
they are arranged 



cortex and in the 
medulla of the 
gland, as will be 
^ seen presently. 

"riie cortex of 
the gland consists 
of an outer, mid- 
dle, and inner 
Fig. 168.— From & VeiticBi SmUod flirongli zone, all three be- 
thaSupTMBniiiBodjoflUn. • directly con- 

'•'^5l.%T"r^>?™'^C'r.,'SI.'iS^JJ tmuoua -with one 
t'"^VtoSt"irs?ri;i<'r'.'uJS!!i'i:/'''"'° another. The outer 
one ia the ■icma. 
glamer^dom; it contains niuneroas spherical, or, 
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more commonly, elongated, masses of epithelial cells. 
The cells are polyhedral or cylindrical, each with a 
spherical or oval nucleus. In some animals — as the 
dog, horse — the cells are thin and columnar, and 
arranged in a transverse manner. Occasionally a sort 
of lumen can be discerned in some of these cell masses. 

501. Next follows the middle zone, or zona 
/asdculata. This is the most conspicuous and 
broadest part of the whole gland. It consists of 
vertical columns of polygonal epithelial cells, esuch 
with a spherical nucleus. The cell substance is trans- 
parent, and often contains an oil globula The columns 
anastomose with their neighbours. Between the 
columns are fine septa of connective tissue carrying 
blood capillariea 

Between the cell columns and the connective septa 
are seen here and there lymph spaces, into which lead 
fine channels, grooved out between some of the cells of 
the columns. 

502. Next follows the inner zona, or zona reticvr 
laris, composed of smaller or larger groups of poly- 
hedral cells, with more or less rounded edges. These 
cell-groups anastomose with one another. The indi- 
vidual cells are slightly larger, and their substance is 
less transparent than those of the zona fasciculata. In 
the human subject they are slightly pigmented. 

503. In the medulla we find cylindrical streaks 
of very transparent cells ; the streaks are separated by 
vascular connective tissue. The cells are polyhedral, 
columnar, or branched. These cell-streaks anasto- 
mose with one another, and are directly continuous 
with the cell-groups of the zona reticularis of the 
cortex. 

504. The cortex is richly supplied with dense 
networks of capillary blood-vessels ; their meshes are 
polyhedral in the outer and inner zone, elongated in 
the middle zone, or zona fasciculata. In the medulla 
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numerous plexuses of veins are met with. In the 
centre of Uie buprarenal body lie the large efferent 
venous trunks. In the capsule (Kdlliker, Arnold), 
and in the connective tissue around the central veins, 
are plexuses of lymphatic tubes with valves. The 
nerves are very numerous, and composed of nom 
meduUated fibres; in the medulla they form rich 
plexuses. In connection with these and with those of 
the outer capsule are small ganglia (Holm, £berth). 

505. lY. The fflandiUa coccyi^ea and in- 
tercarotica* — ^The first of these is a minute corpuscle 
situated in front of the apex of the os ooccygis, and 
was discovered by Luschka. The gland ula carotica 
of Luschka (ganglion intercaroticum) is of exactly the 
same structure as the glandula coccygea. 

506. Its framework is of about the same nature as 
that of other glands — a fibrous capsule and inner 
fibrous septa and trabeculsB. The septa and trabeculse 
contain in some pla<5es bundles of non-striped muscular 
tissue (Sertoli). 

507. The spaces of the framework are occupied by 
the parenchyma. This consists of spherical or cylin- 
drical masses of cells connected into networks. The 
individual cells are polyhedral epithelial cells, each 
with a spherical nucleus. According to Luschka, in 
the new-bom child they are ciliated. In the centre 
of each of the cell-masses lies a capillary blood-vessel, 
much convoluted and wavy. 

Numerous non-medullated nerve-fibres forming a 
plexus are situated in the framework of the gland. 
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Commissure! Grey, of spinal cord, 

128. 

, White, of spinal cord. 135. 

Comx>ound lymphatic glands, 96. 

Conarium, 163. 

Concentric bodies of Hassall, 97. 

lamellflB, 63. 

Cone fibre, 316. 
Cones of retina, 313. 
Coni vasculosi, 250. 
Conjunctiva, 291. 

blood-vessels, 298. 

bulbi, 293. 

lymphatics, 293. 

nerves, 294. 

pal^brffi, 291, 293, 

Connective tissue, 31. 
Contraction wave^ 67. 
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Contractility of corneal cor- 
poscles, 37. 

i of pigment oellB, 28. 

Oonyolntion in brain, 157. 

in nucleus, 8. 

Cord£B tendinesB, 75. 
Cords of adenoid tissue, 94. 
Corium, 274i. 
Cornea, 20, 295. 

nerves in, 297. 

Corneal cells, 36. 

corpuscles, 34, 297. 

Comu Ammonis, 158, 159. 
Coruua uteri, 267. 
Corona radiata, 163. 
Corpora albicantia, 161, 163. 

cavernosa, 65, 2W. 

quadrigemina, 16). 

striata, 161, 162. 

Corpus callosum, 157. 

Highmori, 244. 

luteum, 262. 

restif orme, 144, 142. 

sponfriosum, 265. 

Corpuscles, Malpighian, 227, 233. 

of blood, 10, 13. 

of bone, 53. 

—- of connective tissue, 36. 

of Grandry, 120. 

of Herbst, 115, 118. 

of lymph, 90, 93. 

of Meissner, 115, 118. 

of muscle, 70. 

of nerve, 108. 

-. — of Pacini, 115, 121, 291. 

of Vatdr, 115. 

, Tactile, 115, 118w 

Corti's arch, 330. 

cells, 331. 

ganglion, 326. 

rods, 329. 

Cortical layer of ovary, 258. 

lymph-sinus, 101. 

Costal cartilages, 46. 

pleura, 89. 

Cowper's glands, 254, 270. 
Cremaster intemus, 252. 
Crescents of Gianuzzi, 183. 
Cricoid cartilage, 46. 
Crista acustlca, 323. 

spiralis, 327, 332. 

Cms cerebri, 142, 161. 

, Crusta of, 163. 

Crurta petrosa, 171. 
Crypts, 95. . 

of Lieberkiibn, 203, 209. 

Cuticle of Nasmyth, 172, 177. 
Cutis anserina, 2ti7. 
— vera, 274. 



Cystic duct, 65. 
Cytogenons tissue, 92. 

Deiters' cells, 150, SSL 

phalanges, 332. 

processes, 141, 145. 

Demilunes of Heidenhain, 183. 
Dentinal canals, 173. 

fibres, 62, 173. 

sheaths, 173. 

tubes, 62. 

Dentine, 62, 172, 173. 
Descemet's membrane, 41. 
Diapedesis, 82. 
Diaphragm, 73, 88. 
Diaster stage in nucleus, 8. 
Diffuse adenoid tissue, 93. 
Dilatator, 65. 

pupillse, 302. 

Direct division, 7, 9, 

" Disc tactil," 121. 

Discus proligerus, 261. 

Disdiaclasts, 74. 

Distal convoluted tubes, 238. 

Division, Bemak's mode of, 7. 

Doyfere's nerve-mount, 125. 

Ductless glands, 338. 

Ducts of pancreatic gland, 65. 

of salivary gland, 65. 

Ductus ejaculatorii, 253. 
Dura mater, 127. 
DuraL sheath, 317. 

Ear, External, 318. 

, Internal, 320. 

Efferent lymphatics, 102. 

medullated nerve-fibres, 116. 

veins, 40. 

Elastic fenestrated membrane of 

H^e, 44. 
Elastin, 43. 
Electric nerve, HI. 
Eleidin, 20. 
Elementary fibrillfiB, 107. 

fibrils, 32. 

organisms, 4. 

Enamel, 171. 

cap, 175. 

ceUB, 175, 177. 

organ, 175, 177. 

prisms, 171. 

End-bulbs of Erause, 115, 119, 

294. 
Endocardium, 74, 76. 
Endochondral formation of bone, 

55. 
Fndolymph, 32L 
Endomysium, 66. 
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Endoneorinm, 105. 
Endothelial oellt, itroefeiixe, 25. 
— — membnuie, 25. 
Endotheliam, 25. 
Endotheloid cell-platee, 92. 
Kngelmann's lateral disc, 68. 
Epioerebral space, 150. 
Epidermis, 19, 274. 
Epididymis. 65. 250. 
Epiglottis, 49, 93. 
Epinenrium, 104. 
Epithelial oelle. 16. 

diyision of, 24. 

— reseneration of, 24. 
Epitheliom, 19. 
Epitheloid layer, 56. 
Eustaobian tube, 319. 
External arcoate fibres, 144, 147. 

capsule of brain, 162. 

Eje, 2M. 

lasbes, 292. 

Uds, 291. 

Fa8ciB,87. 
FAscides, 66. 
Fasciculus ouneatos, 144. 

gracilis, 144. 

of QoU, 132, 144. 

of Tttrk, 132, 142. 145. 

pyramidal direct, 132. 

Fat cells, 39. 

and starvation, 41. 

Femur, 60. 
Fenestra ovalis, 320. 

rotunda, 820. 

Fenestrated membrane, 90. 33. 
127. 

of Henle, 77. 

Fertilisation of ovum, 2. 

Fibre arcuatfls, 296. 

Fibres, Connectiye tissue, 31. 

, Elastic tissue, 50. 

of muscle, 63, 66, 72. 

of nerres, 103. 

of Purkinje, 75. 

FibrilleB of connectiye tissae, 82. 

of muscle, 64. 

of nerve, 107. 

Fibro-cartilage, 48. 

Fibrous tii^sue development, 42. 

Fillet, 160. 

Fissura orbitalis, 65. 

Fissures of spinal cord, 180. 

Foetal tooth papilla, 176. 

Follicles, Lieberkiihn's, 208. 

, Lymph. 92, 94, 100. 

• , Sebaceous, 286. 

, Thymus, 96. 

Fornix ooigunctivflB, 298. 



Fornix vaginal, 209. 
Fossa glenoidalis, 48. 
navioolariB, 254. 

— patiUaris, 307. 
Sylvii, 159. 

Fovea centralis, 310, 814* 315 

hemielliptica, 820. 

hemispherica, 820. 

Fundus, 26i5. 

Funiculus of Solamdo, 144. 

Gall-bladder. 65. 

Qanglia, Cerebro-spinal, 188. 141« 

, Sympathetic, 168. 

Ganghon cells, 138, 164. 
Gasserian ganglion, 168. 
GeUtinons tissue, 45. 
Geniculate ganglion, 168. 
Genital corpuscles of Kranse, 120. 

end-corpnsdee. 115. 

organs (male), 244. 

(female). 257. 

Germ reticulum of von Ebnar. 247. 
Germinal endothelial cells, 28. 

epithelium, 258. 

spots, 1, 259. 

vesicle, 1, 259. 

(terminating cells. 29. 
Giraldtf's organ, 251. 
Gland, Prostate, 258. 
Glands, Bartholini, 870. 

Bmnner, 208, 209. 

Buccal, 187. 
Carotic, 342. 
Cemminons, 278, 318. 
Coccygeal, 842. 
Harder, 295. 
Krause, 293. 
Lachrymal, 294. 
Lieberkiihn's, 17. 
Uttr^, 254. 

Lymphatic, 80, 84, 100. 
Meibomian, 292. 
Mohl, 292. 
Mucous. 179, 191. 
Peptic, 197. 
Peyer, 95, 205. 
Pyloric, 199. 
Salivary. 178. 
Sebaceous, 287. 
SoUtary, 95. 
Submaxillary, 179. 
Sweat, 276. 

GlandulsB agnunatn, 2r4)L 

lenticulares, 200. 

Pacchioni, 149. 

nterins, 266. 

Olans cUtoridis, 27a 
penis, 255. 
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Olamry membrane, 291. 
Glisson's capsule, 210. 
Globulin, 12. 
Globus oiajur. 251 
Glomerule, 1&9. 
OlTCOgen. 14. 
Goblet cells, 18, 22. 
Graafian follicles, 2GB, 283. 
Grandry's corpuscles, 120. 
Granular formation of Hejmert, 
158 

layer of Purldnje, 174. 

Granules in blood, 15. 
Granulosa membrana, 250. 
Grey commissure, 128. 
Ground lamelliB, 53. 
— — plexus of Arnold, 18L 

substance, 117. 

Growing capillaries, 82. 

Habenula perforata, 831. 
Heematin, 18. 
Hflsmatoidin, IS. 
HsBmatoplasts, 15. 
HsBmin crystals, lA. 
UsmogloUn, 12. 

crystals, 18. 

Hair, 278. 

bulb, 282, 285. 

, Development of, 285. 

fibres, m 

folHoles, 278, 280. 

knob, 285. 

, Harrow of, 282. 

, New formation of, 284. 

papilla, 285. 

, Soot of, 282. 

-sheath of, 281. 

sac, 280. 

, Shaft of, 279, 288. 

Harder's gland, 295. 
Haversian canals, 58* 

lamelle, 53. 

spaces, 54. 

Heart and blood-vessels, 74. 
Heliootrema, 820. 
Hemisphere of brain, 152. 
Henle, Fenestrated membranes 
of, 44, 77. 

, Fibres of, 44. 

, Sheath of, 105. 

, Stratum nerveum of, 817. 

, Tubes of, 237 

Hensen's cells, 331. 
Hepatic cells, 212. 

duct, 65. 

lobules, 211. 

veins, 211. 

Herbst, Corpuscles of, 115, 118. 



Hilum of glands, 96. 

of salivary glands, 180. 

of spleen, 5^. 

Hippocampus, 158. 
Homogeneous elastic membranes, 

44. 
Howship's lacnne, 62. 
Hyaline cartilage, 46. 
Hyaloid membrane, 307. 
Hypophysis, 161. 338. 

Ileum, 205. 

Incremental lines of Salter, 174. 

Incus, 320. 

Indirect division, 7. 

Inf undibula, 65, 161, 163. 

of bronchiole, 220. 

of glaud, 188. 

Inner molecular layer, 311. 

nuclear layer, 311. 

Interarticular cartilages, 48. 
Interfascicular spaces, 34, 36. 
Interglobular spaces of Csermak, 

174. 
Interlobar ducts, 180. 
Interlobular bOe-ducts, 213, 214. 
connective tissue of liver, 

210. 

ducts, 180. 

Intermediary cartilage, 48. 

plexcu, 121. 

Bone, 200. 

Intermembranous formation of 

bone, 55, 61. 
Intermuscular fibrils, 122. 
Internal capsule of brain, 163. 
Interstitial lamelliB, 53. 
Intervertebral discs, 48. 
Intestine, Large, 201 

, Small, 201. 

Intima of arteries, 76, 77. 
Intralobular bile-vessels, 21S. 

ducts, 180. 

IntranudeHur network. 
Iris, 300. 

, Blood-vessels of, 602. 

^ Lymph-clefts of, 302. 

, Lymph-sinuses of, 302. 

, Nerve-fibres of, 802. 

Island of Beil, 162. 

Jaoobson's organ, 337, SSa 

Karyokinesis, 7, 48, 247. 
Kidney, 229. 

, Afferent arterioles of, 240. 

blood-vessek, 240. 

glomerulus, 234. 
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Kidnegr lymphatic*, 314, 215, 248* 
-^ parencnyxna, SSL 

TeBselB, 241. 

Kolllker's osteodaots, 62. 

Lftbia pudsndi majora, 287. 
Labium tTmiwiiioam,S27. 

Teatifbumie, S27. 

Labyrinth, Osaeona, S20. 
Lacniymai glaada, 294. 
LacniUB Morga^i, 254. 

of bone, 62, 58. 

of cartilage, 40. 

of lymphatica, 88. 

TiamellflB ox bone, 54. 

i of oomea, 296. 

of lens, 806. 

Tiamina cribosa, 317. 

elaatioa of cornea, 295. 

foaoa, 299. 

reticalaxia, 332. 

apixalis ossea, 820. 

Titrea, 801, 805. 

Langerhans' gmnular layer, 20. 

Larynx, 215. 

Lateral basilar prooeaa, 158. 

nndeua. 14o. 

tract, 143. 

Lena, 305. 

fibres, 806. 

stars, 306. 

Lenticular glands, 85. 
Ligamentum denliculatmn, 128. 

latum, 65. 

pectinatum, 299. 

pnlmouis, 221. 

spirale accessorium, 326, 328. 

suspensory of lens, 307. 

Limitans externa, 312. 

interna, 310. 

Lines of Sobreger, 174, 
Liquor foUicnli, 260. 

sanguinis, 10. 

Littrtf's glands, 254. 
Liver, 88, 210. 

vessels of, 211, 212. 

Lobes of pcmcreas, 200. 
— ^ of salivary gland, 180. 

of thymus gland, 96. 

of lung, 220. 

Lobules of liver, 211. 

of lung, 220. 

— — of salivary glands, 180. 

of thymus gland, 96. 

Lung, 88, 219. 

blood-vessels, 223. 

— •- lymphatics, ^S&, 

Lymph, 90. 

Lymphatic capillaries, 86. 



Lymphatic defts, 79, 8II* 

glands, 80,84, 100. 

rootlets, 86. 

sinuses, 88, 101. 

— ^ tissue, 85. 

vessels, 79, 84. 92, 

Lymphatics, 65, S^l. 

m mnoosa, 190. 

Lymph-canal system in cornea, :^ 

oanalicuhur qrstem,86, 90, 297. 

cavities, 88. 

— oorpnaolea, 90, 93. 

folHoles, 92, 94. 

hearts, 90. 

Lymphoid cells, 29. 

Macula aoustioa, 823. 

lutea, 310, 811, 814, 815. 

Malleus, 320. 

Ma^ighiaa oorposcles of kidney, 

— of spleen, 227. 

pvramids of kidner, 23L 

stratum of skin, 19. 

Mammary gland, 270. 
Manubrium mallei, 318. 
Marrow of bone, 50. 
Matrix of osseous substance, 52. 
Meatus auditorius extemus, 818. 
Meckel's ganglion, 163. 
Media of arteries, 76. 
Median lateral fissure, 182. 
Mediastinum testis, 244. 
Medulla oblongata, 142. 

of gland, 99. 

Medullary cylinders, 100. 

lymph-sinus, 101. 

ray, 281. 

sheath of nerve*fibres, 107, 

108. 
Medullated nerve-fibres, 106, 11^ 

137. 
Meibomian glands, 292. 
Meissner's corpuscles, 191, 291. 

plexus, 170, 201, 207. 

Membrana basilaria, 327, 828. 

chorio-capillaris, 30k 

Descemeti, 297. 

granulosa, 259. 

hyaloidea, 307. 

secundaria, 322. 

supra-choroidea, 303. 

tectoria, 332. 

tympani, 318. 

Membranes of Krause, 67, 74. 
Mesencephalon, 159. 
Mesentery, 88. 
Mes<^rastnum, SO. 
Migratory cells, 41. 
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Mflk, 273. > 

globules, 272., 

tooth, Vh. 

Modiolus, 320, 326. 
Motor ganglion cells, 141. 
Movement of oilia, 22. 
Mucin, 23. 
Mucosa, 189. 

, Lymph follicles of, 200. 

Mucous cells, 183. 

glands, 179, 191. 

membrane, 189. 

Mnco-ealiyary glands, 179. 
Mucus, formation of, 23. 
Mhller's fibres, 310. 

muscle, 300. 

Muscle bundles, 64. 

cells, 64. 

corpuscles, 70. 

fibres, 63, 72. 

tissue, striped, 66, 189. 

, Non-striped, 63, 65. 

Muscular compartments, 67. 
Muscularis externa, 196. 

mucosflB, 64, 195. 

Musculus ciliaris Biolani, 292. 

Myeloplaz, 6. 

Mjeloplaxes of Bobin, 51, 62. 

Nan, 288. 

cells, 289. 

groove, 288. 

substance, 289. 

Nasal mucous membrane, 333. 

septum, 46. 

Nerve bundles, 104. 

corpuscles, 106. 

end plate, 124. 

endings, 112, 115. 

fibres, 108. 

plexus, 106, HI, 114. 

Network of fibrille. 111. 
Neurilemma, 106. 
Neuroglia, 133. 

cells, 133. 

fibrils, 133, 150. 

of Virchow, 45. 

tissue, 130. 

Neurokeratin, 107, 109, 185, 813. 

Nipple, 65. 

Non-medullated nerve-fibres, HI, 

114. 
Norris's blood corpuscles, 13. 
Nuclear layer in bulbua olfao- 

torius, 159. 
— — zone, 306. 
Nnclein, 6. 
Nucleoli, 6. 
Nucleus, Struolure of, 6. 



Nucleus oaudatus, 162. 

cuneatus, 147. 

— r dentatus, 147. 

gracilis, 147. 

lenticularis, 162. 

Nuclei, Inner, of retina, 311. 

, Outer, of retina, 312. 

Nymphs, 270. 

Odontoblasts, 173, 174, 177. 
CEkK>pha^ru8, 194. 
Oil-globule, 39, 40. 
Olfactory cells, 336. 

nerves, HI, 159. 

Olivary bodies, 14^. 

nucleus. 147. 

Omentum of cat, 29. 

of frog, 89. 

of guinea-pig, 40. 

of rat, 32. 

^ Structure of, 33. 

Optic nerve, 317. 

nerve-fibres, 310. 

tract, 162. 

vesicle, 316. 

Ora serxata, 310. 

Organ of Corti, 328, 329, 332. 

of airald6,251. 

of Jacobson, 337, 338. 

Ossein, 52. 

Osseous labyrinth of ear, 321. 

lamelln, 52. 

substance from osteoblasts, 

61. 
Ossicula auditus, 319. 
Ossifying cartilage, 46. 
Osteoblasts forming bone, 50, 57, 

61. 
Osteoclasts, 62. 
Osteogenetic layer, 49. 
Otoliths, 324. 
Oval nucleus, 39. 
Ovary, 65, 257. 

, Development of, 26:J. 

, Lymphatics of, 2^. 

, Nerves of, 268. 

Oviduct, 65, 265. 
Ovum, 1, 859. 

Pacinian corpuscles, 115, 121, 291. 
Palate, 187. 
PalmsB plicatsB, 266. 
PalpebrsB, 293. 
Pancreas, 206, 209. 
Papilla circumvallata, 192. 

filiformis, 191. 

f oliata, 193. 

— — fnngif ormis, 191. 
nervi optid, 909. 
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PapfllBo^ hair of Unnft, 980L 

muscle, 75. 

Paraglobnlixi, 12. 

Parenchyma of testis, S8B. 

Parenchymatotm cartilage, 48. 

Parietal cells, 199. 

Pan oiliaris retinsB, 903, 805, SIC. 

membranaoea, 854. 

prostatica, 854. 

Pedanonlated hydatid of Mor- 
gagxd, 251. 

PeduBoulns cereheUi, 144, 158. 

Penis, 255. 

corpora cayemoea, 856. 

nerve endings, 180. 

Peptic glands, 197. 

Peribronchial l^rmphatioi, 880, 8Mh 

Pericardial cayities, 88. 

Pericellnlar space, 141. 

Perichondrium, 45, 46. 

Perilymph, 881. 

Pezimysium, M. 

Perineurium, 104, 181. 

Periosteal bone, 59, 61. 

formation, 55. 

processes of Virohow, 55. 

Periosteum, 50. 

Peripheral nerre-endings, 118, 115. 

Peritoneal cavities, 88. 

Peritoneum, 65. 

Periyascular lymphatics, 89, 224. 

lymph-spaces, 151. 

spaces of His, 141. 

Pes, 161. 

Peyer's glands, 95, 205. 

patch, 95. 

^hairnz, 190. 

tonsil, 94, 190. 

Pia mater. 80^ 127. 
Pial sheath, 317. 
Pigment cells, 23, 37. 
Plasma, 10. 

cells, 41, 100. 

Pleura pulmonalis, 65, 220. 
Pleural cayitie«<, 88. 
Plexus choroideus, 150. 

myentericus, 178, 201, 217. 

of Meissner, 201, 207. 

Tenosus vaginalis, 269. 

PlicaB villoss, 197, 204. 
Pons Varolii. 142. 152, 154, 159. 
Porta hepatis, 810. 
Portio MUUeri, SCO. 

vaginalis uteri, 296. 

Posterior nerve roots from spinal 

cord, 186. 
Prickle cells, 23. 
Primitive dental groove, 17& 
flbiiUA, 107, 111. 188. 



Prin^tive fibrils, 89, lUL 

ora,868. 

Prostate, 85a. 

Protoplasm, 1. 

" ■ ' , Struoture of, 6. 

Protoplasmic membrsna, 88. 

Proximal convoluted tubule, 235. 

Pulp tissue, 827. 

Pulvinar, 168. 

Purkinje's gaogliOA odh, 158, 184k 

Pyloric glands, 196, 199. 

Pyramid of Ferrein, 838. 

Pyramidal deonasation, 148. 

tracts, 148. 

Bami capsulares, 214. 
Banvier s conslxictions, 106. 

nodes, 108. 

Baphe, 147, 156. 
Bed blood corpuscles, 10, 12. 
Beissner's membrane, 886, 388. 
Bemak's fibrous lam, 77. 

nftrve-flbre, HI. 

Bete Malpighii, 19. 

mucosum, 19. 

testis, 850. 

Beticular cartilage, 49. 

formation, 156. 

Betina, 306. 

, Blind spot of, 309. 

, Blood-vessels of, 817. 

, Ganglion cells of, 311. 

, Lymphatics of, 317. 

Bhodopsin of Kuhne, 314. 
Bods and coDes, 813. 
Beliefs secondary substance, 68. 
Bosette stage in nucleus, 8. 
BugsB, 268. 

Saccules, 321, 322. 

Saocus endolymphaticus, 821. 

Saliva. 189. 

Salivary cells, 188. 

glands. 178. 

, Blood-vessels of, 186. 

, Ducts of, 180. 

, Lobes of, 180. 

, Lobulesx>f, 180. 

, Lymphatics of, 186. 

, Nerves of, 186. 

Saroode of Dnjardin, 5. 
Sarcolemma, 67, 68, 73. 
Scala tympani, 820. 

vestibuli, 380. 

Schultze's protoplasm, S. 
Schwann's cells, 5. 
Sclerotic, 298. 
Scrotum, 64. 
Sebaceous folliolM, 880L 
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Semicircnlar canals, 3^20, 322. 
Semilunar valves, 76, 86. 
Seminal cells, 247. 
- — tubules, 246, 262. 
Sensory ganglion cells, 141. 
Septum dstemss lymphaticeB, 90. 
Serous glands, 178, 188. 

membranes, 89. 

Sesamoid cartilages, 48. 
Sharpey's perforating fibres, 54, 
Sheath of Henle, 116, 119. 

of Schwann, 108. 

Simple axis cylinders. 111, 114 

lymphatic glands, 92. 

Skin, 274. 

blood-vessels of, 289. 

lymphatics of, 5fiO. 

nerves of, 290. 

Solitary glands, 95. 
- — lymph follicles, 205. 
Spaces of Fontona, 299. 
Spermatoblasts, 247. 
Spermatozoa, 249. 
Sphincter papiUse, 301. 
Sphincters, 65. 
Spinal cord, 127. 

grey matter, 128, 136, 

white matter, 128, 130. 

Spiral tubule, 237. 
Spleen, 225. 

, Capsule of, 225, 

, Lymphatics of. 229. 

, Nerve-fibres of, 229. 

, Parenchyma of, 226. 

, Pulp of, 226. 

, Bed blood coronscles of, 16. 

, TrabeculsB of, 226. 

Spongy bone substance, 54. 
Squamous epithelial ceUs, 18. 
Sternal cartilage, 47. 
Stigmata, 82. 
Stomach, 196. 
Stomata, 29, 82, 89, 224. 
Stratified columnar epithelium, 
21. 

• pavement epithelium, 20. 

Stratum adiposum, 276. 

cinereum, 160. 

— — corneum, 19, 274. 

gelatinosum, 159. 

glomerulosum, 159. 

lucidum, 19. 

Malpighii, 274. 

opticum, 160. 

Stria vascularis, 328. 

Stroma, 12. 

Subarachnoidal spooes, 88, 127, 

150, 818; 
*— tissue, 128. 



Subcutaneous l^phatice, 88. 

Subcutaneous tissue, 275. 

Subdural spaces, 88, 127, 150. 

Subendocardial tissue, 74, 75. 

Subepithelial endothelium of Be- 
hove, 35. 

Subhyaloid cells, 307. 

Submaxillary ganglion, 168. 

Submucosa, 1^. 

Submucous lymphaiios, 88. 

Subpericardial nerve branches, 
76. 

tissue, 74. 

Substantia gelatinbsa, 134. 

nigra, 161. " 

Sabvaginal sjpace, 31^ 

Sudoruerous canal, 276, 277. 

Sulcus hippocampi, 159. 

spiralis, 327, 328. 

Superior pedunoalus cerebelli, 
162. 

Suprachoroidal tissue, 300. 

Suprarenal bodies, 840. 

Supravaginal space, 318. 

Sweat glands, 65, 276, 290. 

Sympathetic s^tem, 166. 

Synovial cavities, 88. 

Tactile corpuscles, 115, 118. 

hairs, 286. 

Tapetum nigrum, 301, 303, 305, 

315. 
Tarsal plate, 292, 293. 
Taste buds, 193. 

cells, 193. 

goblets, 193. 

Teeth, 171. 

cement, 174. 

development, 175. 

pulp, 174. 

Tegmental cells, 198. 
'J'egmcntum, 160, 161. 
Teichmann's crystals, IS. 
Tend,on cells, 33. 
Tendons, 87. 
Tenonian capsule, 318. 

space, 318. 

Tensor choroidesB, 300. 
Terminal bronchi, 221. 
Testis, 244. 

Thalamencephalon, 161. 
Thalamus opticus, 157, 161, 162. 
Thoracic duct, 84. 
Thymus follicles, 96. 

gland, 96. 

Thyroid cartilage, 46. 

gland, 339. SiO. 

Tongue, 190. 

serous glands of, 191. 
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Tonsils, 96. 

Touch-cells of Merkel, 115, 119. 

-oorpnsdes of Merkel, 120. 

Trabecnln oanien, 75. 

of Ijinphatics, 65. 

of spleen, 65. 

Traohea, 46, 65, 217. 
Traotus olfactorius, 159. 
— opticus, 162. 
Transitional epithelium, 21« 
Tabft Eustachii, 319. 
Tuber cinereum, 161, 163. 
Tnberde of Solando, 145. 
Tubes of epididymis, 258. 
Tunica adnata, 244. 

albuginea, 244. 

dartos, 65. 

fibrosa, 261. 

propria^ 828. 

vaginalis, 244. 

Tyson's glands, 255. 

Ureter, 230, 240. 
Urethra, Female, 269. 

, Male, 254. 

Urinary tubules, 231* 
Uterus, 64, 265. 
Utricle, 321. 
Uvea, 801 

Yafirjna, 65, 268. 
Varicose nerve-flbres, 110. 
Yas deferens, 65, 252. 

rectum, 250. 

Yasa efferentia, 250. 
Yasoularisation of cartilage, 55. 
Yater's corpuscles, 115. 
Yeins, 65. 

, Intima of, 79. 

1 Media of, 79. 

Of tha bones, 7& 



Yeins of the bnin, coid, grarld 
uterus, membranes, and retina. 
80. 

, Yalves of, 79. 

Yena azillariSf asTgoe, cava, cra- 
ralis, hejpatioa, utima, iliaca, 
mesentenca, poplitea, renalis, 
spermatica, and umbiUcalis, 80. 

jugularis. and subclavia, 79. 

Yens rectflB, 242. 

stellate, 242. 

vorticosn, 305. 

Yenous radicles, 227. 

sinuses, 227. 

Yentricle, Fourth, 148. 

Yentrides, 76. 

YesioulsB seminales, 65, 252. 

Yestibulum, 270. 

Yircbow's crystal's, 13. 

Yisceral pericardium, 74. 

peritoneum, 194, 

Yitreous body, 307. 

White blood corpuscles, 13, 16. 

commissure, 135. 

fibrous tissue, 80, 81. 

substance of brain, 151. 

of cord, 110. 

of Schwann, 107, 108. 

Wolffian body, 258. 

Wreath arrangement of nucleus, U. 

Yellow elastic cartilage, 49. 
tissue, 43. 

Zona fascioulata, 341. 

glomerulosa, 340. 

pellucida, 2^. 

reticularis, 341. 

vasculosa, 257. 

Zonula ciliaris, 307. 
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